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(54) FOOTWEAR MIDSOLE WITH ANISOTROPIC MESH AND METHODS OF MAKING THE SAME

(57) Soles for articles of footwear including a me-
chanically anisotropic three-dimensional mesh. The me-
chanically anisotropic three-dimensional mesh can in-
clude one or more mechanically anisotropic regions with
a first lattice shear modulus measured in a first direction
and a second lattice shear modulus measured in a sec-

ond direction opposite to or orthogonal to the first direc-
tion. The first and second lattice shear moduli are differ-
ent to provide the three-dimensional mesh with mechan-
ically anisotropic properties. The mechanically anisotrop-
ic three-dimensional mesh can be three-dimensionally
printed.
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Description

FIELD

[0001] The described embodiments generally relate to
soles for articles of footwear. More particularly, described
embodiments relate to soles for article of footwear includ-
ing a three-dimensional mesh with one or more aniso-
tropic properties.

BACKGROUND

[0002] The human foot is a complex and remarkable
piece of machinery, capable of withstanding and dissi-
pating many impact forces. The natural padding of fat at
the heel and forefoot, as well as the flexibility of the arch,
help to cushion the foot. Although the human foot pos-
sesses natural cushioning and rebounding characteris-
tics, the foot alone is incapable of effectively overcoming
many of the forces encountered during every day activity.
Unless an individual is wearing shoes that provide proper
cushioning and support, the soreness and fatigue asso-
ciated with every day activity is more acute, and its onset
may be accelerated. This discomfort for the wearer may
diminish the incentive for further activity. Equally impor-
tant, inadequately cushioned footwear can lead to inju-
ries such as blisters; muscle, tendon, and ligament dam-
age; and bone stress fractures. Improper footwear can
also lead to other ailments, including back pain.
[0003] Individuals are often concerned with the amount
of cushioning an article of footwear provides. This is true
for articles of footwear worn for non-performance activi-
ties, such as a leisurely stroll, and for performance ac-
tivities, such as running, because throughout the course
of an average day, the feet and legs of an individual are
subjected to substantial impact forces. When an article
of footwear contacts a surface, considerable forces may
act on the article of footwear and, correspondingly, the
wearer’s foot. The sole of an article of footwear functions,
in part, to provide cushioning to the wearer’s foot and to
protect it from these forces.
[0004] Proper footwear should be durable, comforta-
ble, and provide other beneficial characteristics for an
individual. Therefore, a continuing need exists for inno-
vations in footwear.

BRIEF SUMMARY

[0005] A first aspect (1) of the present application is
directed to a sole for an article of footwear, the sole in-
cluding: a three-dimensional mesh including: a plurality
of interconnected unit cells, each interconnected unit cell
having a plurality of struts defining a three-dimensional
shape and a plurality of nodes at which one or more struts
are connected; and a mechanically anisotropic region
including: a first lattice shear modulus measured in a first
direction, and a second lattice shear modulus different
from the first lattice shear modulus and measured in a

second direction opposite to or orthogonal to the first di-
rection.
[0006] In a second aspect (2), the second lattice shear
modulus according to the first aspect (1) is greater than
the first lattice shear modulus.
[0007] In a third aspect (3), the second lattice shear
modulus according to the first aspect (1) is 10% or more
greater than the first lattice shear modulus.
[0008] In a fourth aspect (4), the first direction accord-
ing to any one of aspects (1) - (3) is a forward direction
pointing away from a heel end of the sole, and the second
direction according to any one of aspects (1) - (3) is a
rearward direction pointing toward the heel end of the
sole.
[0009] In a fifth aspect (5), the first direction according
to any one of aspects (1) - (3) is a medial direction pointing
away from a lateral side of the sole, and the second di-
rection according to any one of aspects (1) - (3) is a lateral
direction pointing toward the lateral side of the sole.
[0010] In a sixth aspect (6), the first direction according
to any one of aspects (1) - (3) is a longitudinal direction
extending between a heel end and a forefoot end of the
sole, and the second direction according to any one of
aspects (1) - (3) is a transverse direction extending be-
tween a medial side and a lateral side of the sole.
[0011] In a seventh aspect (7), the plurality of struts of
each unit cell according to any one of aspects (1) - (6)
include: a strut having a first effective diameter, and a
strut having a second effective diameter different from
the first effective diameter.
[0012] In an eighth aspect (8), the strut having the first
effective diameter according to the seventh aspect (7) is
forwardly-oriented and the strut having the second effec-
tive diameter according to the seventh aspect (7) is rear-
wardly-oriented.
[0013] In a ninth aspect (9), the strut having the first
effective diameter according to the seventh aspect (7) is
medially-oriented and the strut having the second effec-
tive diameter according to the seventh aspect (7) is lat-
erally-oriented.
[0014] In a tenth aspect (10), the plurality of intercon-
nected unit cells according to any one of aspects (1) - (9)
include individual unit cells each occupying a rectangu-
lar-cuboid volume.
[0015] In an eleventh aspect (11), the rectangular-
cuboid volume according to the tenth aspect (10) has a
length to width ratio in a range of 1.1 to 2.5.
[0016] In a twelfth aspect (12), the rectangular-cuboid
volume according to the tenth aspect (10) has a width to
length ratio in a range of 1.1 to 2.5.
[0017] In a thirteenth aspect (13), the plurality of inter-
connected unit cells according to any one of aspects (1)
- (12) each include: a number of forwardly-oriented struts,
and a number of rearwardly-oriented struts different from
the number of forwardly-oriented struts.
[0018] In a fourteenth aspect (14), the plurality of in-
terconnected unit cells according to any one of aspects
(1) - (13) each include: a number of medially-oriented
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struts, and a number of laterally-oriented struts different
from the number of medially-oriented struts.
[0019] In a fifteenth aspect (15), the plurality of inter-
connected unit cells according to any one of aspects (1)
- (12) each include: a number of forwardly-oriented struts,
a number of rearwardly-oriented struts, a number of me-
dially-oriented struts, and a number of laterally-oriented
struts, where a total number of the forwardly-oriented
struts plus the rearwardly-oriented struts is different from
a total number the medially-oriented struts plus the lat-
erally-oriented struts.
[0020] In a sixteenth aspect (16), the plurality of inter-
connected unit cells according to any one of aspects (1)
- (12) each include: a forwardly-oriented strut having a
first cross-sectional shape and a rearwardly-oriented
strut having a second cross-sectional shape different
from the first cross-sectional shape.
[0021] In a seventeenth aspect (17), the plurality of in-
terconnected unit cells according to any one of aspects
(1) - (12) each include: a medially-oriented strut having
a first cross-sectional shape and a laterally-oriented strut
having a second cross-sectional shape different from the
first cross-sectional shape.
[0022] In an eighteenth aspect (18), the sole according
to any one of aspects (1) - (17) further includes a second
mechanically anisotropic region including: a third lattice
shear modulus measured in the first direction, and a
fourth lattice shear modulus different from the third lattice
shear modulus and measured in the second direction.
[0023] In a nineteenth aspect (19), the first direction
according to the eighteenth aspect (18) is a forward di-
rection pointing away from a heel end of the sole, and
the second direction according to the eighteenth aspect
(18) is a rearward direction pointing toward the heel end
of the sole.
[0024] In a twentieth aspect (20), the sole according
to any one of aspects (1) - (17) further includes a second
mechanically anisotropic region including: a third lattice
shear modulus measured in a third direction, and a fourth
lattice shear modulus different from the third lattice shear
modulus and measured in a fourth direction opposite the
third direction.
[0025] In a twenty-first aspect (21), the third direction
according to the twentieth aspect (20) is a medial direc-
tion pointing away from a lateral side of the sole, and the
fourth direction according to the twentieth aspect (20) is
a lateral direction pointing toward the lateral side of the
sole.
[0026] A twenty-second aspect (22) of the present ap-
plication is directed to a method of making a sole for an
article of footwear, the method including: 3-D printing a
three-dimensional mesh for the sole including a plurality
of interconnected unit cells, each interconnected unit cell
having a plurality of struts defining a three-dimensional
shape and a plurality of nodes at which one or more struts
are connected, where 3-D printing the three-dimensional
mesh includes: printing a set of interconnected unit cells
that define a mechanically anisotropic region including

anisotropic lattice shear moduli in the three-dimensional
mesh.
[0027] In a twenty-third aspect (23), printing the set of
interconnected unit cells according to the twenty-second
aspect (22) includes printing struts having a first effective
diameter and printing struts having a second effective
diameter different from the first effective diameter, where
struts having the first effective diameter are oriented in
a first direction and the struts having the second effective
diameter are oriented in a second direction different from
the first direction.
[0028] In a twenty-fourth aspect (24), the first direction
according to the twenty-third aspect (23) is forwardly-
oriented and the second direction according to the twen-
ty-third aspect (23) is rearwardly-oriented.
[0029] In a twenty-fifth aspect (25), printing the set of
interconnected unit cells according to any one of aspects
(22) - (24) includes printing individual unit cells each oc-
cupying a rectangular-cuboid volume.
[0030] In a twenty-sixth aspect (26), printing the set of
interconnected unit cells according to any one of aspects
(22) - (25) includes printing a plurality of unit cells with a
number of forwardly-oriented struts and a number of rear-
wardly-oriented struts different from the number of for-
wardly-oriented struts.
[0031] In a twenty-seventh aspect (27), printing the set
of interconnected unit cells according to any one of as-
pects (22) - (26) includes printing a plurality of unit cells
with a number of medially-oriented struts and a number
of laterally-oriented struts different from the number of
forwardly-oriented struts.
[0032] In a twenty-eighth aspect (28), printing the set
of interconnected unit cells according to any one of as-
pects (22) - (27) includes printing struts having a first
cross-sectional shape and printing struts having a sec-
ond cross-sectional shape different from the first cross-
sectional shape, where the struts having the first cross-
sectional shape are oriented in a first direction and the
struts having the second cross-sectional shape are ori-
ented in a second direction opposite to or orthogonal to
the first direction.
[0033] In a twenty-ninth aspect (29), the first direction
according to the twenty-eighth aspect (28) is forwardly-
oriented and the second direction according to the twen-
ty-eighth aspect (28) is rearwardly-oriented.
[0034] In a thirtieth aspect (30), the method according
to any one of aspects (22) - (29) further includes: collect-
ing biometric data including a map of stresses including
a first zone having a first average vertical load and a
second zone having a second average vertical load less
than the first average vertical load; and 3-D printing the
three-dimensional mesh includes printing the set of in-
terconnected unit cells in a first location of the three-di-
mensional mesh corresponding to the first zone in the
map of stresses.
[0035] In a thirty-first aspect (31), the method accord-
ing to the thirtieth aspect (30) further includes printing a
second set of interconnected unit cells that define a sec-
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ond mechanically anisotropic region including anisotrop-
ic lattice shear moduli in a second location of the three-
dimensional mesh corresponding to the second zone in
the map of stresses.

BRIEF DESCRIPTION OF THE DRA WINGS

[0036]

FIG. 1 is a side view of an article of footwear accord-
ing to some embodiments.
FIG. 2 is a side view of an article of footwear accord-
ing to some embodiments showing portions of the
article of footwear.
FIG. 3A is a perspective view of a midsole according
to some embodiments.
FIG. 3B is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
B-B’ in FIG. 3A.
FIG. 3C is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
C-C’ in FIG. 3A.
FIG. 4 is a side view of a midsole according to some
embodiments.
FIG. 5 is a zoomed-in view of a portion of FIG. 4.
FIG. 6A is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
A-A’ in FIG. 4.
FIG. 6B is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
B-B’ in FIG. 4.
FIG. 7A is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
A-A’ in FIG. 4.
FIG. 7B is an exemplary view of a midsole according
to some embodiments along the cross-sectional line
B-B’ in FIG. 4.
FIG. 8 illustrates a mechanically anisotropic mesh
according to some embodiments.
FIG. 9 illustrates a unit cell according to some em-
bodiments.
FIG. 10 illustrates a method of making a sole for an
article of footwear according to some embodiments.
FIG. 11 is an illustration of an individual having sen-
sor modules coupled to articles of footwear.
FIG. 12 is a biometric data map according to some
embodiments.
FIG. 13A illustrates a cross-section of a strut along
a cross-sectional line S-S’ in FIGS. 3B and 3C ac-
cording to some embodiments.
FIG. 13B illustrates a cross-section of a strut along
a cross-sectional line S-S’ in FIGS. 3B and 3C ac-
cording to some embodiments.
FIG. 13C illustrates a cross-section of a strut along
a cross-sectional line S-S’ in FIGS. 3B and 3C ac-
cording to some embodiments.
FIG. 14 is a schematic block diagram of an exem-
plary computer system in which embodiments may

be implemented.

DETAILED DESCRIPTION

[0037] The present invention(s) will now be described
in detail with reference to embodiments thereof as illus-
trated in the accompanying drawings. References to "one
embodiment", "an embodiment", "an exemplary embod-
iment", etc., indicate that the embodiment described may
include a particular feature, structure, or characteristic,
but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same
embodiment. Further, when a particular feature, struc-
ture, or characteristic is described in connection with an
embodiment, it is submitted that it is within the knowledge
of one skilled in the art to affect such feature, structure,
or characteristic in connection with other embodiments
whether or not explicitly described.
[0038] An article of footwear has many purposes.
Among other things, an article of footwear may cushion
a wearer’s foot, support a wearer’s foot, protect a wear-
er’s foot (e.g., from injury), and optimize the performance
of a wearer’s foot. Each of these purposes, alone or in
combination, provides for a comfortable article of foot-
wear suitable for use in a variety of scenarios (e.g., ex-
ercise and every day activities). The features of an article
of footwear (e.g., shape, components, and materials
used to make footwear) may be altered to produce de-
sired characteristics, for example, cushioning, support,
stability, ride, and propulsion characteristics.
[0039] Stability provided by an article of footwear may
protect a wearer’s foot from injury, such as spraining his
or her ankle. Propulsion provided by an article of footwear
may optimize the performance of a wearer’s foot by, for
example, maximizing the energy transfer from the indi-
vidual’s foot to the surface his or her foot is in contact
with (e.g., the ground) via the article of footwear. Maxi-
mizing the energy transfer between the individual’s foot
and a surface (i.e., reducing energy lost via and/or ab-
sorbed by an article of footwear) may help an athlete, for
example, accelerate faster, maintain a higher maximum
speed, change directions faster, and jump higher. Cush-
ioning and ride characteristics provided by an article of
footwear may provide comfort for an individual during an
athletic or everyday activity.
[0040] The anatomy of the human foot creates a shape
and contour for the bottom of the foot that results in var-
ying degrees of pressure (force) on the bottom of the foot
when the foot is in contact with the ground (e.g., while
standing still, walking, running, etc.). The varying de-
grees of pressure create areas on the foot subject various
pressure forces and stresses. Some areas may be sub-
ject to relatively high pressures/stresses and others may
be subject to relatively low pressures/stresses. To pro-
vide comfort, areas subject to relatively high degrees of
pressure/stress may require additional cushioning or
support compared to areas subject to relatively low de-
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grees of pressure/stress.
[0041] Moreover, the shape and contour of the bottom
of different individuals’ feet create different pres-
sure/stress profiles for different individuals’ feet. This
may also be true for the left and right foot of a single
individual. Accordingly, the cushioning and/or support
needs for one individual’s feet (or the left and right feet
of a single individual) may be different. The cushioning
and/or support needs may be dependent not only on an
individual’s foot anatomy, but also the individual’s natural
gait.
[0042] Three-dimensional meshes described herein
leverage characteristics of unit cells and/or struts that
make up the three-dimensional meshes to create me-
chanically anisotropic properties. These mechanically
anisotropic properties can be designed to provide desired
mechanical characteristics across a three-dimensional
mesh, for example a three-dimensional mesh defining all
or a portion of a sole. One such property that can be
designed to achieve specific mechanical characteristics
is "lattice shear modulus." In some embodiments, all or
a portion of a three-dimensional mesh may be designed
to include anisotropic lattice shear moduli that impart de-
sired mechanical characteristics to the three-dimension-
al mesh. In some embodiments, a plurality of regions of
a three-dimensional mesh may be designed to include
anisotropic lattice shear moduli that impart desired me-
chanical characteristics to the different regions of the
three-dimensional mesh. Other exemplary properties
that can be designed to achieve specific mechanical
characteristics include, but are not limited to, compres-
sive strength and bend strength. Desired mechanical
characteristics for a three-dimensional mesh may in turn
create desired footwear sole characteristics, for exam-
ple, cushioning, propulsion, stability, ride, and/or weight.
[0043] As used herein, the term "three-dimensional
mesh" means a three-dimensional structure comprising
interconnected structural members defining a plurality of
unit cells. The structural members, and thus the unit cells,
can be connected at nodes. The unit cells can be ar-
ranged in a lattice configuration. For example, the inter-
connected structural members can be struts that are con-
nected at nodes and that define unit cells arranged in a
lattice configuration. Exemplary lattice configurations in-
clude, but are not limited to basic cubic lattices, body-
centered cubic lattices, face-centered cubic lattices, and
modified lattices based on these lattice types.
[0044] As used herein, the term "lattice shear modulus"
means the shear modulus (slope of the shear stress ver-
sus shear strain curve in the elastic region) for a three-
dimensional mesh. A "lattice shear modulus" as de-
scribed herein is measured using the following solid mod-
el simulation. A 7 x 7 x 2 unit cell puck composed of unit
cells for the three-dimensional mesh is modeled using
FEA (finite element analysis) modeling software. Suita-
ble FEA modeling software includes Abaqus FEA mod-
eling software. The 7 x 7 x 2 unit cell puck includes two
layers of seven longitudinal rows of seven unit cells ar-

ranged adjacent to each other in the transverse direction
as described herein. The unit cell puck is modeled as
being sandwiched between and in contact with a top plate
and a bottom plate. The following parameters were input
into the FEA modeling software for the simulation: (1)
material characteristics of the modeled struts for the unit
cell puck (including density and tensile properties), (2)
the loading conditions, and (3) the contact mechanics
between the unit cell puck and the two plates (including
the frictional properties).
[0045] Lattice shear moduli of the 7 x 7 x 2 unit cell
puck in different directions is determined by a shear sim-
ulation with 45-degree load in the direction in which the
lattice shear modulus is being evaluated. To determine
the lattice shear modulus in a forward longitudinal direc-
tion, a 45-degree load in the forward longitudinal direction
is modeled.
[0046] To determine the lattice shear modulus in a
rearward longitudinal direction, a 45-degree load in the
rearward longitudinal direction is modeled. To determine
the lattice shear modulus in a medial transverse direction,
a 45-degree load in the medial transverse direction is
modeled. To determine the lattice shear modulus in a
lateral transverse direction, a 45-degree load in the lat-
eral transverse direction is modeled.
[0047] The modeled stress-strain behavior of the 7 x
7 x 2 unit cell puck is plotted and the lattice shear modulus
in the different directions is calculated by measuring the
slope of the stress-strain curve in the elastic deformation
region in the plot.
[0048] As used herein, "anisotropic" means dependent
on direction. "Isotropic" generally means independent of
direction. A material or component with a particular prop-
erty that is isotropic at a particular point would have that
same property regardless of measurement direction. For
example, if Young’s modulus is isotropic at a point, the
value of the Young’s modulus is the same regardless of
the stretching direction used to measure Young’s mod-
ulus.
[0049] As used herein, "mechanical properties" refers
to the stiffness matrix of a material or component, prop-
erties that can be derived from the stiffness matrix, or
measured mechanical properties of a material or com-
ponent. Young’s or elastic modulus (E), Poisson’s ratio
(v) and shear modulus (G), compressive strength, and
bend strength, which may or may not depend on direction
at a particular point, are examples of such properties. An
isotropic material or component has 2 independent elas-
tic constants, often expressed as the Young’s modulus
and Poison’s ratio of the material (although other ways
to express may be used), which do not depend on posi-
tion in such a material or component. A fully anisotropic
material or component has 21 independent elastic con-
stants. An orthotropic material or component has 9 inde-
pendent elastic constants.
[0050] Orthotropic materials or components are a sub-
set of anisotropic materials or components. By definition,
an orthotropic material or component has at least two
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orthogonal planes of symmetry where material properties
are independent of direction within each plane. An ortho-
tropic material or component has nine independent var-
iables (i.e. elastic constants) in its stiffness matrix. An
anisotropic material or component can have up 21 elastic
constants to define its stiffness matrix, if the material or
component completely lacks planes of symmetry.
[0051] The mechanically anisotropic characteristic(s)
of midsoles disclosed herein may offer a multitude of dif-
ferent options for customizing (tailoring) a midsole to an
individual’s, or group of individuals’ needs. For example,
lattice shear moduli may vary between different zones or
portions on a midsole to provide desired characteristics
(e.g., cushioning, support, stability, ride, and/or propul-
sion characteristics) for an individual, or group of individ-
uals.
[0052] The midsoles, and articles of footwear having
midsoles discussed herein, may include a three-dimen-
sional mesh composed of interconnected unit cells. The
geometry, interconnection, and arrangement of the inter-
connected unit cells may be customized for a particular
individual, or group of individuals. The geometry, inter-
connection, and arrangement of the interconnected unit
cells may be based, in whole or in part, on a biometric
data profile for an individual’s foot.
[0053] Midsoles including a three-dimensional mesh
as discussed herein may be manufactured using one or
more additive manufacturing methods. Additive manu-
facturing methods allow for fabrication of three-dimen-
sional objects without the need for a mold. Instead, the
objects may be manufactured layer by layer, e.g. from
liquid material, or from a powder material. Additive man-
ufacturing methods may reduce costs for a manufacturer,
and in turn a consumer, of a product (e.g., a shoe) by
reducing or eliminating the need for molds. Integral man-
ufacturing of a midsole using additive manufacturing may
make the assembly of separate elements of the midsole
unnecessary. Similarly, an additively manufactured mid-
sole may be fabricated from single material, which may
facilitate easy recycling of the midsole.
[0054] Also, since molds may not be required, additive
manufacturing methods facilitate customization of prod-
ucts. For example, a midsole can be customized to a
particular individual, or group of individuals, in a more
cost effective way with an additive manufacturing method
compared to a traditional molding method.
[0055] Due to the nature of additive manufacturing
methods, additive manufacturing methods can be lever-
aged to provide customized and affordable footwear for
individuals. Exemplary additive manufacturing tech-
niques include for example, selective laser sintering, se-
lective laser melting, selective heat sintering, stereo li-
thography, or fused deposition modeling. Various addi-
tive manufacturing techniques related to articles of foot-
wear are described for example in US 2009/0126225,
WO 2010/126708, US 2014/0300676, US
2014/0300675, US 2014/0299009, US 2014/0026773,
US 2014/0029030, WO 2014/008331, WO 2014/015037,

US 2014/0020191, EP 2 564 719, EP 2 424 398, and US
2012/0117825. In some embodiments, the additive man-
ufacturing process can include a continuous liquid inter-
face production process. For example, the additive man-
ufacturing process can include a continuous liquid inter-
face production process as described in U.S. Pat. No.
9,453,142, issued on September 27, 2016, which is here-
by incorporated in its entirety by reference thereto.
[0056] In some embodiments, 3-D printing a three-di-
mensional mesh can include 3-D printing the mesh in an
intermediate green state, shaping the mesh in the green
state, and curing the green mesh in its final shape.
[0057] Techniques for producing an intermediate ob-
ject from resins by additive manufacturing are known.
Suitable techniques include bottom-up and top-down ad-
ditive manufacturing, generally known as stereolithogra-
phy. Such methods are known and described in, for ex-
ample, U.S. Patent No. 5,236,637 to Hull, US Patent Nos.
5,391,072 and 5,529,473 to Lawton, U.S. Patent No.
7,438,846 to John, US Patent No. 7,892,474 to Shkolnik,
U.S. Patent No. 8,110,135 to El-Siblani, U.S. Patent Ap-
plication Publication No. 2013/0292862 to Joyce, and US
Patent Application Publication No. 2013/0295212 to
Chen et al. The disclosures of these patents and appli-
cations are incorporated by reference herein in their en-
tirety.
[0058] In some embodiments, the additive manufac-
turing step is carried out by one of the family of methods
sometimes referred to as continuous liquid interface pro-
duction (CLIP). CLIP is known and described in, for ex-
ample, US Patent Nos. 9,211,678; 9,205,601; 9,216,546;
and others; in J. Tumbleston et al., Continuous liquid in-
terface production of 3D Objects, Science 347,
1349-1352 (2015); and in R. Janusziewcz et al., Layer-
less fabrication with continuous liquid interface produc-
tion, Proc. Natl. Acad. Sci. USA 113, 11703-11708 (Oc-
tober 18, 2016). Other examples of methods and appa-
ratus for carrying out particular embodiments of CLIP in-
clude, but are not limited to: Batchelder et al., US Patent
Application Pub. No. US 2017/0129169 (May 11, 2017);
Sun and Lichkus, US Patent Application Pub. No. US
2016/0288376 (Oct. 6, 2016); Willis et al., US Patent Ap-
plication Pub. No. US 2015/0360419 (Dec. 17, 2015); Lin
et al., US Patent Application Pub. No. US 2015/0331402
(Nov. 19, 2015); D. Castanon, uS Patent Application Pub.
No. US 2017/0129167 (May 11, 2017). B. Feller, US Pat
App. Pub. No. US 2018/0243976 (published Aug 30,
2018); M. Panzer and J. Tumbleston, US Pat App Pub.
No. US 2018/0126630 (published May 10, 2018); K. Wil-
lis and B. Adzima, US Pat App Pub. No. US
2018/0290374 (Oct. 11, 2018) L. Robeson et al., PCT
Patent Pub. No. WO 2015/164234 (see also US Patent
Nos. 10,259,171 and 10,434,706); and C. Mirkin et al.,
PCT Patent Pub. No. WO 2017/210298 (see also US
Pat. App. US 2019/0160733). The disclosures of these
patents and applications are incorporated by reference
herein in their entirety.
[0059] While stereolithography techniques such as
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CLIP can be preferred, it will be appreciated that other
additive manufacturing techniques, such as jet printing
(see, e.g., US Patent No. 6,259,962 to Gothait and US
Patent App. Serial No. US 2020/0156308 to Ramos et
al.) can also be used.
[0060] Using the additive manufacturing methods dis-
cussed herein, customized midsoles may be provided
with short lead times. For example, a midsole may be
customized for, among other things, the width and/or
length of an individual’s foot, the weight of an individual,
an individual’s gait, and/or the type of footwear with which
a midsole is intended to be used. In some embodiments,
midsoles discussed herein may be formed using an ad-
ditive manufacturing method that does not require post-
formation processing steps, such as cutting away unde-
sirable parts of a midsole. Eliminating post-formation
processing steps can facilitate manufacturing consisten-
cy and reproducibility.
[0061] In some embodiments, a midsole may include
a region having mechanically anisotropic properties de-
signed for a particular individual’s, or group of individu-
als’, footwear wants or needs. Examples of specific foot-
wear wants or needs include, but are not limited to, pro-
pelled forward under compression, comfortable step in,
and stiff to lateral loading. In some embodiments, a mid-
sole may include at least two regions having different
mechanically anisotropic properties designed for a par-
ticular individual’s, or group of individuals’, footwear
wants or needs. In some embodiments, a midsole may
comprise at least two regions that have different mechan-
ically anisotropic properties.
[0062] In some embodiments, a midsole may include
a region having mechanically orthotropic properties de-
signed for a particular individual’s, or group of individu-
als’, footwear wants or needs. In some embodiments, a
midsole may include at least two regions having different
mechanically orthotropic properties designed for a par-
ticular individual’s, or group of individuals’, footwear
wants or needs. In some embodiments, a midsole may
comprise at least two regions that have different mechan-
ically orthotropic properties.
[0063] In some embodiments, a midsole may include
a first mechanically isotropic region and a second region
having mechanically anisotropic properties designed for
a particular individual’s, or group of individuals’, footwear
wants or needs. In some embodiments, a midsole may
include a first mechanically isotropic region and a second
region having mechanically orthotropic properties de-
signed for a particular individual’s, or group of individu-
als’, footwear wants or needs.
[0064] Three-dimensional meshes described herein
may have a lattice shear modulus that is different in one
or more of a forward direction, a rearward direction, a
medial direction, and a lateral direction. In some embod-
iments, three-dimensional meshes described herein may
have lattice shear moduli that are different in two or more
of a forward direction, a rearward direction, a medial di-
rection, and a lateral direction. In some embodiments,

three-dimensional meshes described herein may have
lattice shear moduli that are different in three of a forward
direction, a rearward direction, a medial direction, and a
lateral direction. In some embodiments, three-dimen-
sional meshes described herein may have lattice shear
moduli that are different in each of a forward direction, a
rearward direction, a medial direction, and a lateral di-
rection.
[0065] In some embodiments, three-dimensional
meshes described herein may include one or more re-
gions having a lattice shear modulus that is different in
one or more of a forward direction, a rearward direction,
a medial direction, and a lateral direction. In some em-
bodiments, three-dimensional meshes described herein
may include one or more regions having lattice shear
moduli that are different in two or more of a forward di-
rection, a rearward direction, a medial direction, and a
lateral direction. In some embodiments, three-dimen-
sional meshes described herein may include one or more
regions having lattice shear moduli that are different in
three of a forward direction, a rearward direction, a medial
direction, and a lateral direction. In some embodiments,
three-dimensional meshes described herein may include
one or more regions having lattice shear moduli that are
different in each of a forward direction, a rearward direc-
tion, a medial direction, and a lateral direction. Different
regions of a three-dimensional mesh may have the same
or different lattice shear moduli.
[0066] In some embodiments, three-dimensional
meshes, or a region thereof, may have a lattice shear
modulus that is the same in a forward direction and a
rearward direction. In some embodiments, three-dimen-
sional meshes, or a region thereof, may have a lattice
shear modulus that is the same in a medial direction and
a lateral direction. For example, in some embodiments,
three-dimensional meshes, or a region thereof, may have
lattice shear moduli that are the same in a forward direc-
tion and a rearward direction but different in a medial
direction and a lateral direction. As another example, in
some embodiments, three-dimensional meshes, or a re-
gion thereof, may have lattice shear moduli that are the
same in a medial direction and a lateral direction but dif-
ferent in a forward direction and a rearward direction.
[0067] In some embodiments, a three-dimensional
mesh may have anisotropic lattice shear moduli in for-
ward and rearward directions as described herein. In
some embodiments, one or more regions of a three-di-
mensional mesh may have anisotropic lattice shear mod-
uli in forward and rear directions as described herein. In
some embodiments, the lattice shear modulus in the for-
ward direction may be greater than the lattice shear mod-
ulus in the rearward direction. In some embodiments, the
lattice shear modulus in the forward direction may be less
than the lattice shear modulus in the rearward direction.
[0068] By tailoring the lattice shear modulus in the for-
ward direction to be greater than or less than the lattice
shear modulus in the rearward direction, a sole can be
designed to have desired characteristics when acted on
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by forward and rearward forces during use. For example,
a lattice shear modulus in the rearward direction can be
designed to be relatively stiff to provide propulsion while
an athlete is accelerating in a forward direction (which
applies a significant rearward force on a sole). As another
example, a lattice shear modulus in the forward direction
can be designed to be relatively flexible to provide sup-
port and/or cushion during a heel strike or while an athlete
is deaccelerating (both of which can apply a significant
forward force on a sole).
[0069] In some embodiments, by designing a three-
dimensional mesh in this fashion, the three-dimensional
mesh can convert vertical loading energy into forward
displacement, which propels a wearer’s foot forward
when a sole including the three-dimensional mesh con-
tacts the ground during use. In other words, by designing
a three-dimensional mesh in this fashion, the three-di-
mensional mesh can be predisposed to deform forwards
when a sole including the three-dimensional mesh con-
tacts the ground during use. The opposite result can be
achieved by tailoring the lattice shear modulus in the for-
ward direction to be less than or less than the lattice shear
modulus in the rearward direction.
[0070] A three-dimensional mesh predisposed to de-
form in a particular direction (for example, in a forward
direction) can offer multiple advantages for a wearer. For
example, forward motion created by the three-dimen-
sional mesh can yield improved efficiency while running.
In other words, a three-dimensional mesh predisposed
to deform forward can reduce the energy a wearer is
required expend to continue his or her forward motion.
As another example, a three-dimensional mesh predis-
posed to deform laterally (for example medially) can im-
prove efficiency when a wearer changes direction by pro-
viding additional support under typical lateral loading
conditions associated with, for example a lateral or me-
dial cut during running.
[0071] In some embodiments, a three-dimensional
mesh may have anisotropic lattice shear moduli in medial
and lateral directions as described herein. In some em-
bodiments, one or more regions of a three-dimensional
mesh may have anisotropic lattice shear moduli in medial
and lateral directions as described herein. In some em-
bodiments, the lattice shear modulus in the medial direc-
tion may be greater than the lattice shear modulus in the
lateral direction. In some embodiments, the lattice shear
modulus in the medial direction may be less than the
lattice shear moduli in the lateral direction.
[0072] By tailoring the lattice shear modulus in the me-
dial direction to be greater than or less than the lattice
shear modulus in the lateral direction, a sole can be de-
signed to have desired characteristics when acted on by
medial and lateral forces during use. For example, a lat-
tice shear modulus in the medial direction can be de-
signed to be relatively stiff to provide support for an indi-
vidual who prefers a high amount of strength for lateral
movements (e.g., cuts) that apply relatively high medial
forces on a sole. As another example, a lattice shear

modulus in the lateral direction can be designed to be
relatively stiff to provide support for an individual who
prefers a high amount of strength for lateral movements
(e.g., cuts) that apply relatively high lateral forces on a
sole.
[0073] In some embodiments, a three-dimensional
mesh may have anisotropic lattice shear moduli in lon-
gitudinal and transverse directions as described herein.
In some embodiments, one or more regions of a three-
dimensional mesh may have anisotropic lattice shear
moduli in longitudinal and transverse directions as de-
scribed herein. In some embodiments, the lattice shear
modulus in a longitudinal direction may be greater than
the lattice shear modulus in a transverse direction. In
some embodiments, the lattice shear modulus in a lon-
gitudinal direction may be less than the lattice shear mod-
ulus in a transverse direction.
[0074] By tailoring the lattice shear modulus in a lon-
gitudinal direction to be greater than or less than the lat-
tice shear modulus in a transverse direction, a sole can
be designed to have desired characteristics when acted
on by longitudinal and transverse forces during use. For
example, lattice shear moduli in medial and lateral trans-
verse directions can be designed to be relatively stiff com-
pared to either a lattice shear modulus in a forward and/or
rearward direction to provide support for an athlete while
changing directions. As another example, lattice shear
moduli in medial, lateral, and rearward directions can be
designed to be relatively stiff compared to a lattice shear
modulus in a forward direction to provide support and
propulsion for an athlete while also providing cushioning.
[0075] These same anisotropic lattice shear moduli re-
lationships can also be applied to different regions of a
sole. For example, the lattice shear moduli of a medial
forefoot region and a lateral heel region could be greater
than other regions of a sole. This configuration could help
prevent overpronation in the heel while also countering
lateral forces in the forefoot while changing directions.
[0076] FIGS. 1 and 2 show an article of footwear 100
according to some embodiments. Article of footwear 100
may include an upper 120 coupled to a midsole 130. Ar-
ticle of footwear 100 includes a forefoot end 102, a heel
end 104, a medial side 106, and a lateral side 108 oppo-
site medial side 106. Also, as shown for example in FIG.
2, article of footwear 100 includes a forefoot portion 110,
a midfoot portion 112, and a heel portion 114. Portions
110, 112, and 114 are not intended to demarcate precise
areas of article of footwear 100. Rather, portions 110,
112, and 114 are intended to represent general areas of
article of footwear 100 that provide a frame of reference.
Although portions 110, 112, and 114 apply generally to
article of footwear 100, references to portions 110, 112,
and 114 also may apply specifically to upper 120 or mid-
sole 130, or individual components of upper 120 or mid-
sole 130.
[0077] In some embodiments, article of footwear 100
may include an outsole 140 coupled to midsole 130. To-
gether, midsole 130 and outsole 140 may define a sole
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150 of article of footwear 100. In some embodiments,
outsole 140 may be directly manufactured (e.g., 3-D
printed) on the bottom side of midsole 130. In some em-
bodiments, outsole 140 and midsole 130 may be manu-
factured in one manufacturing process (e.g., one 3-D
printing process) and no bonding, e.g. via adhesives,
may be necessary. In some embodiments, outsole 140
may include a plurality of protrusions 142 to provide trac-
tion for article of footwear 100. Protrusions 142 may be
referred to as tread. Midsole 130 may be any of the mid-
soles described herein, for example, midsole 300 or mid-
sole 400. Also, midsole 130 may include any of the me-
chanically anisotropic meshes discussed herein.
[0078] As shown for example in FIG. 1, midsole 130
may include a three-dimensional mesh 132 composed
of a plurality of interconnected unit cells 134. In some
embodiments, midsole 130 may be customized for an
individual, or a group of individuals. In such embodi-
ments, an individual’s gait may be analyzed using, for
example, a Vicon® Motion Capture system with force
plates, or a Run Genie® system. Such gait analysis sys-
tems may produce a biometric data profile for an individ-
ual that may be used to customize midsole 130 (see, for
example, method 1000).
[0079] Based at least in part on the data collected,
properties of midsole 130, three-dimensional mesh 132,
and/or unit cells 134 may be customized to an individual’s
needs or wants, for example, cushioning, support, sta-
bility, ride, and/or propulsion needs or wants. In some
embodiments, midsole 130, three-dimensional mesh
132, and/or unit cells 134 may be customized based on
an individual’s athletic needs (for example, the type of
sport the individual plays and/or the amount of time the
individual spends exercising).
[0080] In some embodiments, midsole 130 may be
customized to a particular individual’s foot or gait, or a
particular group of individual’s feet or gait. This custom-
ization may be based on unique user characteristics pro-
vided by, for example, a Run Genie ® system. In some
embodiments, midsole 130 may be customized for an
individual to modify an irregularity in the individual’s gait.
In such embodiments, midsole 130 may provide stability
and/or propulsion characteristics to modify the individu-
al’s gait (i.e., modify his or her gait to a preferred motion).
Correcting/modifying an individual’s gait to preferred mo-
tion may reduce discomfort for an individual during ex-
ercise.
[0081] In some embodiments, different zones or por-
tions of midsole 130 (e.g., portions 110, 112, and 114)
may be customized or tuned to a particular individual’s
foot or gait, or a particular group of individual’s feet or
gait. Different zones or portions of midsole 130 may cus-
tomized to an individual’s gait by design the zones to
have anisotropic shear lattice moduli as discussed here-
in.
[0082] Upper 120 and sole 150 may be configured for
a specific type of footwear, including, but not limited to,
a running shoe, a hiking shoe, a water shoe, a training

shoe, a fitness shoe, a dancing shoe, a biking shoe, a
tennis shoe, a cleat (e.g., a baseball cleat, a soccer cleat,
or a football cleat), a basketball shoe, a boot, a walking
shoe, a casual shoe, or a dress shoe. Moreover, sole
150 may be sized and shaped to provide a desired com-
bination of cushioning, stability, propulsion, and ride
characteristics to article of footwear 100. The term "ride"
may be used herein in describing a sense of smoothness
or flow occurring during a gait cycle including heel strike,
midfoot stance, toe off, and the transitions between these
stages. In some embodiments, sole 150 may provide par-
ticular ride features including, but not limited to, appro-
priate control of pronation and supination, support of nat-
ural movement, support of unconstrained or less con-
strained movement, appropriate management of rates of
change and transition, and combinations thereof.
[0083] Sole 150 and portions thereof (e.g., midsole 130
and outsole 140) may comprise material(s) for providing
desired cushioning, ride, propulsion, support, and stabil-
ity. Suitable materials for sole 150 (e.g., midsole 130
and/or outsole 140) include, but are not limited to, a foam,
a rubber, ethyl vinyl acetate (EVA), thermoplastic poly-
urethane (TPU), expanded thermoplastic polyurethane
(eTPU), polyether block amide (PEBA), expanded poly-
ether block amide (ePEBA), thermoplastic rubber (TPR),
and a thermoplastic polyurethane (PU). In some embod-
iments, the foam may comprise, for example, an EVA
based foam or a PU based foam and the foam may be
an open-cell foam or a closed-cell foam. In some embod-
iments, midsole 130 and/or outsole 140 may comprise
elastomers, thermoplastic elastomers (TPE), foam-like
plastics, gel-like plastics, and combinations thereof. In
some embodiments, midsole 130 and/or outsole 140 may
comprise polyolefins, for example polyethylene (PE), pol-
ystyrene (PS) and/or polypropylene (PP). In some em-
bodiments, sole 150 may include a shank or torsion bar.
In such embodiments, the shank or torsion bar may be
made of a Nylon polymer.
[0084] The above-mentioned materials for sole 150
may be recycled materials, which could be for example
reclaimed polymer material. Reclaimed polymer material
could be any suitable plastic material, for example TPU,
PEBA, PE, PS, PP etc. In some embodiments, more than
50%, or more than 90% reclaimed material may be used
for midsole 130 and/or outsole 140.
[0085] Sole 150 and portions thereof (e.g., midsole 130
and outsole 140) may be formed using an additive man-
ufacturing process, including, but not limited to, selective
laser sintering, selective laser melting, selective heat sin-
tering, stereo lithography, or fused deposition modeling
etc. In some embodiments, midsole 130 and/or outsole
140 may be formed using an additive manufacturing
process including a continuous liquid interface produc-
tion process. For example, the continuous liquid interface
production process described in U.S. Pat. No. 9,453,142,
issued on September 27, 2016, which is hereby incorpo-
rated in its entirety by reference thereto. In some embod-
iments, midsole 130 and outsole 140 may be formed as

15 16 



EP 3 984 403 A1

10

5

10

15

20

25

30

35

40

45

50

55

a single piece via an additive manufacturing process. In
such embodiments, midsole 130 and outsole 140 may
be a single integrally formed piece.
[0086] In some embodiments, outsole 140 may be
formed by injection molding, blow molding, compression
molding, rotational molding, or dipping. In such embod-
iments, midsole 130 and outsole 140 may be discrete
components that are formed separately and attached. In
some embodiments, midsole 130 may be attached to out-
sole 140 via, for example, but not limited to, adhesive
bonding, stitching, welding, or a combination thereof. In
some embodiments, midsole 130 may be attached to out-
sole 140 via an adhesive disposed between midsole 130
and outsole 140. Similarly, midsole 130 may be attached
to upper 120 via, for example, but not limited to, adhesive
bonding, stitching, welding, or a combination thereof.
[0087] FIG. 3A shows a midsole 300 according to some
embodiments. Midsole 300 includes a forefoot end 302,
a heel end 304, a medial side 306, a lateral side 308, a
top side 310, and a bottom side 312. A longitudinal di-
rection 350 of midsole 300 extends between forefoot end
302 and heel end 304. Longitudinal direction 350 in-
cludes a forward longitudinal direction ("forward direc-
tion") extending from heel end 304 to forefoot end 302
and a rearward longitudinal direction ("rearward direc-
tion") extending from forefoot end 302 to heel end 304.
A transverse direction 352 of midsole 300 extends be-
tween medial side 306 and lateral side 308 of midsole
300. Transverse direction 352 includes a medial trans-
verse direction ("medial direction") extending from lateral
side 308 to medial side 306 and a lateral transverse di-
rection ("lateral direction") extending from medial side
306 to lateral side 308. A vertical direction 354 of midsole
300 extends between top side 310 and bottom side 312
of midsole 300. Vertical direction 354 includes an upward
vertical direction ("upward direction") extending from bot-
tom side 312 to top side 310 and a downward vertical
direction ("downward direction") extending from top side
310 to bottom side 312. Top side 310 may be considered
an "upper-facing side" and bottom side 312 may be con-
sidered a "ground-facing side."
[0088] Midsole 300 may be defined, in whole or in part,
by a three-dimensional mesh 320. For example, in some
embodiments, three-dimensional mesh 320 may define
one or more of a forefoot portion 110 of midsole 300, a
midfoot portion 112 of midsole 300, and/or a heel portion
114 of midsole. In some embodiments, three-dimension-
al mesh 320 may define all or a portion of forefoot portion
110 of midsole 300. In some embodiments, three-dimen-
sional mesh 320 may define all or a portion of midfoot
portion 112 of midsole 300. In some embodiments, three-
dimensional mesh 320 may define all or a portion of heel
portion 114 of midsole 300.
[0089] Similar to midsole 300, three-dimensional mesh
320 may be described as having a forefoot end 302, a
heel end 304, a medial side 306, a lateral side 308, a top
side 310, and a bottom side 312. Unless specified oth-
erwise, a forefoot end 302, heel end 304, medial side

306, lateral side 308, top side 310, and bottom side 312
for a three-dimensional mesh 320 does not necessarily
correspond to a forefoot end 302, heel end 304, medial
side 306, lateral side 308, top side 310, or bottom side
312 of midsole 300. A forefoot end 302 of three-dimen-
sional mesh 320 refers to a foremost end of three-dimen-
sional mesh 320 and a heel end 304 of three-dimensional
mesh 320 refers to a rearmost end of three-dimensional
mesh 320. A medial side 306 of three-dimensional mesh
320 refers to a medial-most side of three-dimensional
mesh 320 and a lateral side 308 of three-dimensional
mesh 320 refers to a lateral-most side of three-dimen-
sional mesh 320. A top side 310 of three-dimensional
mesh 320 refers to a topmost side of three-dimensional
mesh 320 and a bottom side 312 of three-dimensional
mesh 320 refers to a bottommost side of three-dimen-
sional mesh 320.
[0090] In some embodiments, midsole 300 may in-
clude a rim 314 disposed around all or a portion of the
perimeter of top side 310 of midsole 300. In some em-
bodiments, rim 314 may be disposed around all or a por-
tion of the perimeter of medial and lateral sides 306/308
of midsole 300. In embodiments including rim 314, rim
314 may provide stability for the perimeter of midsole 300
and/or may facilitate attachment of midsole 300 to an
upper (e.g., upper 120). In some embodiments, an out-
sole 316 may be coupled to bottom side 312 of midsole
300.
[0091] Three-dimensional mesh 320 includes a plural-
ity of interconnected unit cells 322. The interconnected
unit cells 322 include a plurality of struts 330 defining a
three-dimensional shape of a respective unit cell 322.
Each unit cell 322 may have a base geometry defined
by the struts 330 of the unit cell 322. As used herein "base
geometry" means the base three-dimensional shape,
connection, and arrangement of the struts 330 defining
a unit cell 322. The base geometry of a unit cell 322 may
be, but is not limited to, a dodecahedron (e.g., rhombic),
a tetrahedron, an icosahedron, a cube, a cuboid, a prism,
or a parallelepiped. Unit cells 322 may have any of the
characteristics of unit cell 900 described in reference to
FIG. 9.
[0092] A plurality of struts 330 of three-dimensional
mesh 320 are connected at nodes 340. The number of
struts 330 that are connected at a node 340 is the "va-
lence number" of the node 340. For example, if four struts
330 are connected at a node 340, that node 340 has a
valence of four. In some embodiments, nodes 340 may
have a valence number in the range of two to twelve. For
example, a node 340 may have a valence number of two,
three, four, five, six, seven, eight, nine, ten, eleven, or
twelve.
[0093] Three-dimensional mesh 320 may include one
or more mechanically anisotropic regions. A three-di-
mensional mesh 320 with one or more mechanically an-
isotropic regions may define all or a portion of a forefoot
portion 110 of midsole 300, a midfoot portion 112 of mid-
sole 300, and/or a heel portion 114 of midsole. In some
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embodiments, a mechanically anisotropic region may de-
fine all or a portion of forefoot portion 110 of midsole 300.
In some embodiments, a mechanically anisotropic region
may define all or a portion of midfoot portion 112 of mid-
sole 300. In some embodiments, a mechanically aniso-
tropic region may define all or a portion of heel portion
114 of midsole 300.
[0094] A mechanically anisotropic region of three-di-
mensional mesh 320 may have a first lattice shear mod-
ulus measured in a first direction and a second lattice
shear modulus different from the first lattice shear mod-
ulus and measured in a second direction opposite to or
orthogonal to the first direction. In some embodiments,
the second direction may be opposite the first direction.
In some embodiments, the second direction may be or-
thogonal to the first direction. In some embodiments, a
mechanically anisotropic region of three-dimensional
mesh 320 may have a third lattice shear modulus meas-
ured in a third direction and a fourth lattice shear modulus
different from the third lattice shear modulus and meas-
ured in a fourth direction opposite to or orthogonal to the
third direction. In some embodiments, the fourth direction
may be opposite the third direction. In some embodi-
ments, the fourth direction may be orthogonal to the third
direction.
[0095] As used herein, unless specified otherwise, ref-
erences to "first," "second," "third," "fourth," etc. are not
intended to denote order, or that an earlier-numbered
feature is required for a later-numbered feature. Also,
unless specified otherwise, the use of "first," "second,"
"third," "fourth," etc. does not necessarily mean that the
"first," "second," "third," "fourth," etc. features have dif-
ferent properties or values.
[0096] In some embodiments, three-dimensional
mesh 320 may include at least two mechanically aniso-
tropic regions. In some embodiments, a second mechan-
ically anisotropic region may have a third lattice shear
modulus measured in a first direction and a fourth lattice
shear modulus different from the third lattice shear mod-
ulus and measured in a second direction. In some em-
bodiments, a second mechanically anisotropic region
may have a third lattice shear modulus measured in a
third direction and a fourth lattice shear modulus different
from the third lattice shear modulus and measured in a
fourth direction. Additional mechanically anisotropic re-
gions may similarly have differing lattice shear moduli
measured in the first, second, third, and/or fourth direc-
tions.
[0097] In some embodiments, a second lattice shear
modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be different from a first lattice
shear modulus by 10% or more. In some embodiments,
a second lattice shear modulus of a mechanically aniso-
tropic region of three-dimensional mesh 320 may be dif-
ferent from a first lattice shear modulus by 5% or more.
In some embodiments, a second lattice shear modulus
of a mechanically anisotropic region of three-dimensional
mesh 320 may be different from a first lattice shear mod-

ulus by 5% to 500%. In some embodiments, a second
lattice shear modulus of a mechanically anisotropic re-
gion of three-dimensional mesh 320 may be different
from a first lattice shear modulus by 10% to 500%.
[0098] In some embodiments, a second lattice shear
modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be greater than a first lattice
shear modulus of the mechanically anisotropic region. In
some embodiments, the second lattice shear modulus
may be greater than the first lattice shear modulus by
10% or more. In some embodiments, the second lattice
shear modulus may be greater than the first lattice shear
modulus by 5% or more. In some embodiments, the sec-
ond lattice shear modulus may be 5% to 500% greater
than the first lattice shear modulus. In some embodi-
ments, the second lattice shear modulus may be 10% to
500% greater than the first lattice shear modulus.
[0099] In some embodiments, a second lattice shear
modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be less than a first lattice
shear modulus of the mechanically anisotropic region. In
some embodiments, the second lattice shear modulus
may be less than the first lattice shear modulus by 10%
or more. In some embodiments, the second lattice shear
modulus may be less than the first lattice shear modulus
by 5% or more. In some embodiments, the second lattice
shear modulus may be 5% to 500% less than the first
lattice shear modulus. In some embodiments, the second
lattice shear modulus may be 10% to 500% less than the
first lattice shear modulus.
[0100] In some embodiments, a fourth lattice shear
modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be different from a third lattice
shear modulus by 10% or more. In some embodiments,
a fourth lattice shear modulus of a mechanically aniso-
tropic region of three-dimensional mesh 320 may be dif-
ferent from a third lattice shear modulus by 5% or more.
In some embodiments, a fourth lattice shear modulus of
a mechanically anisotropic region of three-dimensional
mesh 320 may be different from a third lattice shear mod-
ulus by 5% to 500%. In some embodiments, a fourth lat-
tice shear modulus of a mechanically anisotropic region
of three-dimensional mesh 320 may be different from a
third lattice shear modulus by 10% to 500%.
[0101] In some embodiments, a fourth lattice shear
modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be greater than a third lattice
shear modulus of the mechanically anisotropic region. In
some embodiments, the fourth lattice shear modulus may
be greater than the third lattice shear modulus by 10%
or more. In some embodiments, the fourth lattice shear
modulus may be greater than the third lattice shear mod-
ulus by 5% or more. In some embodiments, the fourth
lattice shear modulus may be 5% to 500% greater than
the third lattice shear modulus. In some embodiments,
the fourth lattice shear modulus may be 10% to 500%
greater than the third lattice shear modulus.
[0102] In some embodiments, a fourth lattice shear
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modulus of a mechanically anisotropic region of three-
dimensional mesh 320 may be less than a third lattice
shear modulus of the mechanically anisotropic region. In
some embodiments, the fourth lattice shear modulus may
be less than the third lattice shear modulus by 10% or
more. In some embodiments, the fourth lattice shear
modulus may be less than the third lattice shear modulus
by 5% or more. In some embodiments, the fourth lattice
shear modulus may be 5% to 500% less than the third
lattice shear modulus. In some embodiments, the fourth
lattice shear modulus may be 10% to 500% less than the
third lattice shear modulus.
[0103] Other combinations of lattice shear moduli, for
example first and third lattice shear moduli, or second
and third lattice shear moduli, have any of the same re-
lationships as described above for the first and second
lattice shear moduli and the third and fourth lattice shear
moduli.
[0104] The different lattice shear moduli measured in
opposite and/or orthogonal directions provides one or
more regions of three-dimensional mesh 320 with aniso-
tropic properties as discussed herein. The orientation of
first, second, third, and fourth directions can be selected
to provide desired anisotropic properties for three-dimen-
sional mesh 320, and thus midsole 300.
[0105] In some embodiments, the first direction may
be a longitudinal direction extending between heel end
304 and forefoot end 302 midsole 300. In some embod-
iments, the first direction may be a forward direction point-
ing away from heel end 304 of midsole 300. In such em-
bodiments, the forward direction may be the forward di-
rection of longitudinal direction 350 from heel end 304 of
midsole 300 to forefoot end 302 of midsole 300.
[0106] In some embodiments, the second direction
may be a rearward direction pointing toward heel end
304 of midsole 300. In such embodiments, the rearward
direction may be the rearward direction of longitudinal
direction 350 from forefoot end 302 of midsole 300 to
heel end 304 of midsole 300.
[0107] In some embodiments, the first direction may
be a transverse direction extending between a medial
side 306 and a lateral side 308 of midsole 300. In some
embodiments, the first direction may be a medial direc-
tion pointing away from lateral side 308 of midsole 300.
In such embodiments, the medial direction may be the
medial direction of transverse direction 352 from lateral
side 308 of midsole 300 to medial side 306 of midsole
300.
[0108] In some embodiments, the second direction
may be a lateral direction pointing toward lateral side 308
of midsole 300. In such embodiments, the lateral direc-
tion may be the lateral direction of transverse direction
352 from medial side 306 of midsole 300 to lateral side
308 of midsole 300.
[0109] In some embodiments, the third direction may
be a longitudinal direction extending between heel end
304 and forefoot end 302 midsole 300. In some embod-
iments, the third direction may be a forward direction

pointing away from heel end 304 of midsole 300. In such
embodiments, the forward direction may be the forward
direction of longitudinal direction 350 from heel end 304
of midsole 300 to forefoot end 302 of midsole 300.
[0110] In some embodiments, the fourth direction may
be a rearward direction pointing toward heel end 304 of
midsole 300. In such embodiments, the rearward direc-
tion may be the rearward direction of longitudinal direc-
tion 350 from forefoot end 302 of midsole 300 to heel end
304 of midsole 300.
[0111] In some embodiments, the third direction may
be a transverse direction extending between a medial
side 306 and a lateral side 308 of midsole 300. In some
embodiments, the third direction may be a medial direc-
tion pointing away from lateral side 308 of midsole 300.
In such embodiments, the medial direction may be the
medial direction of transverse direction 352 from lateral
side 308 of midsole 300 to medial side 306 of midsole
300.
[0112] In some embodiments, the fourth direction may
be a lateral direction pointing toward lateral side 308 of
midsole 300. In such embodiments, the lateral direction
may be the lateral direction of transverse direction 352
from medial side 306 of midsole 300 to lateral side 308
of midsole 300.
[0113] FIG. 3B shows an exemplary view of three-di-
mensional mesh 320 along the line B-B’ in FIG. 3A. Struts
330 of three-dimensional mesh 320 include a plurality of
forwardly-oriented struts 332 and a plurality of rearward-
ly-oriented struts 334. In FIG. 3B, forwardly-oriented
struts 332 are oriented in a forward orientation 360 and
rearwardly-oriented struts 334 are oriented in a rearward
orientation 362.
[0114] The particular orientation of a forwardly-orient-
ed strut 332 is not limited to the forward orientation 360
illustrated in FIG. 3B. Similarly, the particular orientation
of a rearwardly-oriented strut 334 is not limited to the
rearward orientation 362 illustrated in 3B. "Forwardly-ori-
ented" means that the forward-most point of a strut 330
is above a rearward-most point of the strut 330. For ex-
ample, as shown in FIG. 3B, a forward-most point 380
of a forwardly-oriented strut 332 is located above a rear-
ward-most point 382 of the forwardly-oriented strut 332.
Any strut 330 having its forward-most point located above
its rearward-most point is considered "forwardly-orient-
ed." "Rearwardly-oriented" means that the forward-most
point of a strut 330 is below a rearward-most point of the
strut 330. For example, as shown in FIG. 3B, a forward-
most point 380 of a rearwardly-oriented strut 334 is lo-
cated below a rearward-most point 382 of the rearwardly-
oriented strut 334. Any strut 330 having its forward-most
point located below its rearward-most point is considered
"rearwardly-oriented."
[0115] For purposes of determining the relative loca-
tion of points for a strut 330, a forward-most point is closer
to forefoot end 302 of midsole 300 in longitudinal direction
350 and a rearward-most point is closer to heel end 304
of midsole 300 in longitudinal direction 350. Similarly, a
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point "above" another point is closer to top side 310 of
midsole 300 in upward vertical direction 354 and a point
"below" another point is closer to a bottom side 312 of
midsole 300 in downward vertical direction 354. The for-
ward and rearward-most points of a strut 330 are defined
by the points where a strut 330 connects to nodes 340
oat opposite ends of the strut 330.
[0116] FIG. 3C shows an exemplary view of three-di-
mensional mesh 320 along the line C-C’ in FIG. 3A. Struts
330 of three-dimensional mesh 320 include a plurality of
medially-oriented struts 336 and a plurality of laterally-
oriented struts 338. In FIG. 3C, medially-oriented struts
336 are oriented in a medial orientation 370 and laterally-
oriented struts 338 are oriented in a lateral orientation
372.
[0117] The particular orientation of a medially-oriented
strut 336 is not limited to the medial orientation 370 illus-
trated in FIG. 3C. Similarly, the particular orientation of
a laterally-oriented strut 338 is not limited to the lateral
orientation 372 illustrated in 3C. "Medially-oriented"
means that the medial-most point of a strut 330 is above
a lateral-most point of the strut 330. For example, as
shown in FIG. 3C, a medial-most point 384 of a medially-
oriented strut 336 is located above a lateral-most point
386 of the medially-oriented strut 336. Any strut 330 hav-
ing its medial-most point located above its lateral-most
point is considered "medially-oriented." "Laterally-orient-
ed" means that a medial-most point of a strut 330 is below
a lateral-most point of the strut 330. For example, as
shown in FIG. 3C, a medial-most point 384 of a laterally-
oriented strut 338 is located below a lateral-most point
386 of the laterally-oriented strut 338. Any strut 330 hav-
ing its medial-most point located below its lateral-most
point is considered "laterally-oriented."
[0118] For purposes of determining the relative loca-
tion of points for a strut 330, a medial-most point is closer
to medial side 306 of midsole 300 in transverse direction
352 and a lateral-most point is closer to lateral side 308
of midsole 300 in transverse direction 352. The medial
and lateral-most points of a strut 330 are defined by the
points where a strut 330 connects to nodes 340 oat op-
posite ends of the strut 330.
[0119] A strut may have more than one of a forward
orientation, a rearward orientation, a medial orientation,
and a lateral orientation. For example, a strut may be
forwardly-oriented and medially-oriented. However, a
strut cannot be both forwardly-oriented and rearwardly-
oriented, and a strut cannot be both medially-oriented
and laterally-oriented. For purposes of counting a
number of forwardly-oriented, rearwardly-oriented, me-
dially-oriented, and laterally-oriented struts, all orienta-
tions of a strut are counted. For example, a strut that is
forwardly-oriented and medially-oriented counts a "1" for-
wardly-oriented strut and " 1" medially-oriented strut. In
some embodiments, a strut 330 may be only forwardly-
oriented, only rearwardly-oriented, only medially-orient-
ed, or only laterally-oriented.
[0120] The lattice shear moduli of a mechanically an-

isotropic three-dimensional mesh 320, or region of mesh
320, may be tailored by designing one or more features
of unit cells 322 to provide desired shear moduli. For
example, one or a plurality of: (i) the effective diameter
of struts 330, (ii) the cross-sectional shape of struts 330,
(iii) the number of struts 330 oriented in particular direc-
tions, and/or (iv) the shape of unit cells 322 can be de-
signed to provide desired lattice shear moduli.
[0121] In some embodiments, lattice shear moduli of
a mechanically anisotropic region may be tailored by var-
ying the compressive strength or bend strength of one
or more struts 330 defining individual unit cells 322. In
some embodiments, the compressive strength and/or
bend strength of one or more struts 330 can be influenced
by the cross-sectional shape of the struts 330, the effec-
tive diameter of the struts 330, or both.
[0122] In some embodiments, the effective diameter
of different struts 330 defining a particular unit cell 322
may be tailored to provide the particular unit cell 322 with
anisotropic properties. In some embodiments, by varying
the effective diameter of different struts 330, the mechan-
ical properties of the different struts can be varied. So,
by tailoring the effective diameter of struts 330 oriented
in different directions, the strength of a particular unit cell
322 in different directions can be controlled, and thus the
unit cell 322 can be designed to have desired anisotropic
properties. For example, the mechanical properties of a
unit cell 322 in a particular direction can be increased or
decreased by increasing or decreasing the effective di-
ameter of struts 330 oriented in different directions within
the unit cell 322.
[0123] By appropriately arranging a plurality of these
unit cells 322 having anisotropic properties within a three-
dimensional mesh 320, desired lattice shear moduli can
be created. For example, a plurality of these unit cells
322 having anisotropic properties can be arranged in the
same orientation within mesh 320. As another example,
a plurality of these unit cells 322 having anisotropic prop-
erties can be arranged in the same orientation in one or
more rows in longitudinal direction 350 within mesh 320.
As another example, a plurality of these unit cells 322
having anisotropic properties can be arranged in the
same orientation in one or more rows in transverse di-
rection 352 within mesh 320.
[0124] As used herein, the term "effective diameter"
("D") is utilized to describe the diameter or size of a strut
330, but this term should not be interpreted as requiring
a strut 330 to have a circular shape. Instead, struts 330
may have non-circular cross-sectional shapes, and in
such embodiments the term "effective diameter" is in-
tended to refer to the maximum cross-sectional dimen-
sion of the cross-sectional shape. For example, the "ef-
fective diameter" of a strut 330 having a square cross-
sectional shape would be the diagonal dimension across
the square. As another example, the "effective diameter"
of a strut 330 having an oval cross-sectional shape would
be the length of the oval-shape’s major axis. For a strut
330 having an effective diameter that varies along the
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length of the strut (e.g., an hourglass shape), the effective
diameter is the smallest effective diameter. The cross-
sectional shape of a strut 330 is the shape of the strut
330 in a cross-section perpendicular to the length of the
strut 330 between two nodes 340 (e.g., a cross-section
taken along the line S-S’ in FIG. 3B). FIGS. 13A-13C
show effective diameters "D" for exemplary cross-sec-
tional shapes. For purposes of comparing the size of a
strut 330 having an I-beam cross-sectional shape as de-
scribed herein, the I-beam cross-sectional shape has an
effective diameter "D" as shown in FIG. 13C.
[0125] In some embodiments, the cross-sectional
shape of different struts 330 defining a particular unit cell
322 may be tailored to provide the particular unit cell 322
with anisotropic properties. In some embodiments, by
varying the cross-sectional shape of different struts 330,
the mechanical properties of the different struts 330 can
be varied. So, by tailoring the cross-sectional shape of
struts 330 oriented in different directions, the strength of
a particular unit cell 322 in different directions can be
controlled, and thus the unit cell 322 can be designed to
have desired anisotropic properties. For example, the
mechanical properties of a unit cell 322 in a particular
direction can be increased or decreased by changing the
shape of struts 330 oriented in different directions within
the unit cell 322. The cross-sectional shape of a strut 330
is the cross-sectional shape of the strut 330 in a cross-
section perpendicular to the length of the strut 330 be-
tween two nodes 340 (e.g., a cross-section taken along
the lines S-S’ in FIGS. 3B and 3C).
[0126] By appropriately arranging a plurality of these
unit cells 322 having anisotropic properties within a three-
dimensional mesh 320, desired lattice shear moduli can
be created. For example, a plurality of these unit cells
322 having anisotropic properties can be arranged in the
same orientation within mesh 320. As another example,
a plurality of these unit cells 322 having anisotropic prop-
erties can be arranged in the same orientation in one or
more rows in longitudinal direction 350 within mesh 320.
As another example, a plurality of these unit cells 322
having anisotropic properties can be arranged in the
same orientation in one or more rows in transverse di-
rection 352 of mesh 320.
[0127] In some embodiments, the number of struts 330
oriented in different directions within a particular unit cell
322 may be tailored to provide the particular unit cell 322
with anisotropic properties. In some embodiments, by
tailoring the number of struts oriented in different direc-
tions, the strength of a particular unit cell 322 in different
directions can be controlled, and thus the unit cell 322
can be designed to have desired anisotropic properties.
For example, the shear modulus of a unit cell 322 in a
particular direction can be increased or decreased by
changing the number of struts 330 oriented in a different
directions within the unit cell 322.
[0128] By appropriately arranging a plurality of these
unit cells 322 having anisotropic properties within a three-
dimensional mesh 320, desired lattice shear moduli can

be created. For example, a plurality of these unit cells
322 having anisotropic properties can be arranged in the
same orientation within mesh 320. As another example,
a plurality of these unit cells 322 having anisotropic prop-
erties can be arranged in the same orientation in one or
more rows in longitudinal direction 350 within mesh 320.
As another example, a plurality of these unit cells 322
having anisotropic properties can be arranged in the
same orientation in one or more rows in transverse di-
rection 352 of mesh 320.
[0129] In some embodiments, the shape of a particular
unit cell 322 may be tailored to provide the particular unit
cell 322 with anisotropic properties. By tailoring its shape,
the strength of a particular unit cell 322 in different direc-
tions can be controlled, and thus the unit cell 322 can be
designed to have desired anisotropic properties. For ex-
ample, the shear modulus of a unit cell 322 in a particular
direction can be increased or decreased by changing the
shape of the unit cell 322.
[0130] By appropriately arranging a plurality of these
unit cells 322 having anisotropic properties within a three-
dimensional mesh 320, desired lattice shear moduli can
be created. For example, a plurality of these unit cells
322 having anisotropic properties can be arranged in the
same orientation within mesh 320. As another example,
a plurality of these unit cells 322 having anisotropic prop-
erties can be arranged in the same orientation in one or
more rows in longitudinal direction 350 within mesh 320.
As another example, a plurality of these unit cells 322
having anisotropic properties can be arranged in the
same orientation in one or more rows in transverse di-
rection 352 within mesh 320.
[0131] FIG. 4 illustrates a midsole 400 with a three-
dimensional mesh 320 having a mechanically anisotropic
region 420 according to some embodiments. Midsole 400
includes a forefoot end 402, a heel end 404, a medial
side 406, a lateral side 408, a top side 410, and a bottom
side 412. Longitudinal direction 350 of midsole 400 ex-
tends between forefoot end 402 and heel end 404. Trans-
verse direction 352 of midsole 400 extends between me-
dial side 406 and lateral side 408 of midsole 400. Vertical
direction 354 of midsole 400 extends between top side
410 and bottom side 412 of midsole 400.
[0132] Mechanically anisotropic region 420 of midsole
400 includes a plurality of mechanically anisotropic unit
cells 322. Each mechanically anisotropic unit cell 322
may include one or more struts 330 having a first effective
diameter 331 and one or more struts 330 having a second
effective diameter 333 different from first effective diam-
eter 331. FIG. 5 shows a zoomed-in view of a portion of
mechanically anisotropic region 420 labeled "5" in FIG. 4.
[0133] FIG. 6A shows an exemplary view of a midsole
400 according to some embodiments along the cross-
sectional line A-A’ in FIG. 4. Unit cells 322 of mechanically
anisotropic region 420 include a plurality of struts 330
with one or more struts 330 having first effective diameter
331 and one or more struts having second effective di-
ameter 333 different from first effective diameter 331. In
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the embodiment shown in FIG. 6A, one or more forward-
ly-oriented struts 332 have first effective diameter 331
and one or more rearwardly-oriented struts 334 have sec-
ond effective diameter 333. In some embodiments, one
forwardly-oriented strut 332 for each of one or more unit
cells 322 has first effective diameter 331 and one rear-
wardly-oriented strut 334 for each of one or more unit
cells 322 has second effective diameter 333. In some
embodiments, a plurality of forwardly-oriented struts 332
for each of one or more unit cells 322 have first effective
diameter 331 and a plurality of rearwardly-oriented struts
334 for each of one or more unit cells 322 have second
effective diameter 333.
[0134] In some embodiments, first effective diameter
331 may be different from second effective diameter 333
by 10% or more. In some embodiments, first effective
diameter 331 may be 10% to 100% different from second
effective diameter 333. In some embodiments, first ef-
fective diameter 331 may be 40% to 100% different from
effective diameter 333.
[0135] In some embodiments, first effective diameter
331 may be greater than second effective diameter 333
by 10% or more. In some embodiments, first effective
diameter 331 may be 10% to 100% greater than second
effective diameter 333. In some embodiments, first ef-
fective diameter 331 may be 40% to 100% greater than
effective diameter 333.
[0136] In some embodiments, first effective diameter
331 may be less than second effective diameter 333 by
10% or more. In some embodiments, first effective diam-
eter 331 may be 10% to 100% less than second effective
diameter 333. In some embodiments, first effective di-
ameter 331 may be 40% to 100% less than effective di-
ameter 333.
[0137] In some embodiments, the difference between
first effective diameter 331 and second effective diameter
333 can be characterized by a "beam bias ratio," which
is the ratio of first effective diameter 331 to second ef-
fective diameter 333. For example, a beam bias ratio of
2 means first effective diameter 331 is twice as the size
of second effective diameter 333. As another example,
a beam ratio of 1.4 means first effective diameter 331 is
1.4 times larger than the size of second effective diameter
333. In some embodiments, the beam bias ratio may
range from 0.5 to 2, including subranges. For example,
the beam basis ratio may be 0.5 to 2, 0.5 to 1, 0.5 to 0.75,
1 to 2, or 1 to 1.5.
[0138] In some embodiments, first effective diameter
331 may be in a range of 0.5 millimeters (mm) to 8 mil-
limeters (mm). In some embodiments, second effective
diameter 333 may be in a range of 0.5 mm to 8 mm.
[0139] In embodiments where first effective diameter
331 is greater than second effective diameter 333, me-
chanically anisotropic region 420 may have a lattice
shear modulus measured in a forward longitudinal direc-
tion 350 that is less than a lattice shear modulus meas-
ured in a rearward longitudinal direction 350. In this case,
the difference in lattice shear moduli can be a result of

the rearwardly-oriented struts 334 having a smaller ef-
fective diameter compared to the forwardly-oriented
struts 332.
[0140] In embodiments where first effective diameter
331 is less than second effective diameter 333, mechan-
ically anisotropic region 420 may have a lattice shear
modulus measured in a forward longitudinal direction 350
that is greater than a lattice shear modulus measured in
a rearward longitudinal direction 350. In this case, the
difference in lattice shear moduli can be a result of the
rearwardly-oriented struts 334 having a larger effective
diameter compared to the forwardly-oriented struts 332.
[0141] FIG. 6B shows an exemplary view of a midsole
400 according to some embodiments along the cross-
sectional line B-B’ in FIG. 4. In the embodiment shown
in FIG. 6B, one or more medially-oriented struts 336 have
first effective diameter 331 and one or more laterally-
oriented struts 338 have second effective diameter 333.
In some embodiments, one medially-oriented strut 336
for each of one or more unit cells 322 has first effective
diameter 331 and one laterally-oriented strut 338 for each
of one or more unit cells 322 has second effective diam-
eter 333. In some embodiments, a plurality of medially-
oriented struts 336 for each of one or more unit cells 322
have first effective diameter 331 and a plurality of later-
ally-oriented struts 338 for each of one or more unit cells
322 have second effective diameter 333.
[0142] In embodiments where first effective diameter
331 is greater than second effective diameter 333, me-
chanically anisotropic region 420 may have a lattice
shear modulus measured in a medial transverse direction
352 that is less than a lattice shear modulus measured
in a lateral transverse direction 352. In this case, the dif-
ference in lattice shear moduli can be a result of the lat-
erally-oriented struts 338 having a smaller effective di-
ameter compared to the medially-oriented struts 336.
[0143] In embodiments where first effective diameter
331 is less than second effective diameter 333, mechan-
ically anisotropic region 420 may have a lattice shear
modulus measured in a medial transverse direction 352
that is greater than a lattice shear modulus measured in
a lateral transverse direction 352. In this case, the differ-
ence in lattice shear moduli can be a result of the laterally-
oriented struts 338 having a larger effective diameter
compared to the medially-oriented struts 336.
[0144] FIGS. 6A and 6B illustrate struts 330 having a
cross-sectional shape that changes along the length of
struts 330 between two nodes 340. In some embodi-
ments, the cross-sectional shape may change according
to a Bezier function with the diameter of struts 330 being
thinnest between two nodes (e.g., an hourglass shape).
Designing the cross-sectional shape of struts in this fash-
ion can reduce the weight of a three-dimensional mesh.
Additionally, designing the cross-sectional shape of
struts in this fashion can create a more uniform distribu-
tion of stress across a unit cell, or group of unit cells.
However, in some embodiments, the cross-sectional
shape of struts 330 may be constant along the length of
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struts 330 between two nodes 340, for example, as illus-
trated in FIGS. 7A and 7B. The orientations and effective
diameters of struts 330 illustrated in FIGS. 7A and 7B
may be the same as those discussed above for the struts
illustrated in FIGS. 6A and 6B.
[0145] In some embodiments, first effective diameter
331 and/or second effective diameter 333 may remain
constant along longitudinal direction 350 of midsole 400.
In some embodiments, first effective diameter 331 and/or
second effective diameter 333 may change along longi-
tudinal direction 350 of midsole 400. In some embodi-
ments, first effective diameter 331 and/or second effec-
tive diameter 333 may increase in a forward direction
between heel end 404 and forefoot end 402 of midsole
400. In some embodiments, first effective diameter 331
and/or second effective diameter 333 may increase in a
rearward direction from forefoot end 402 end to heel end
404 of midsole 400. In some embodiments, first effective
diameter 331 and/or second effective diameter 333 may
increase at a rate of about 0.025 mm per 1 mm along
longitudinal direction 350. As a non-limiting example, first
effective diameter 331 may change from 5 mm to 5.5 mm
over a 20 mm section of heel portion of midsole 400. By
increasing first effective diameter 331 and/or second ef-
fective diameter 333 in the forward or rearward direction,
the mechanical properties, such as stiffness and lattice
shear moduli, of midsole 400 can be can be varied along
longitudinal direction 350.
[0146] In some embodiments, first effective diameter
331 and/or second effective diameter 333 may remain
constant along transverse direction 352 of midsole 400.
In some embodiments, first effective diameter 331 and/or
second effective diameter 333 may change along trans-
verse direction 352 of midsole 400. In some embodi-
ments, first effective diameter 331 and/or second effec-
tive diameter 333 may increase in a medial direction from
lateral side 408 to medial side 406 of midsole 400. In
some embodiments, first effective diameter 331 and/or
second effective diameter 333 may increase in a lateral
direction from medial side 406 to lateral side 408 of mid-
sole 400. In some embodiments, first effective diameter
331 and/or second effective diameter 333 may increase
at a rate of about 0.025 mm per 1 mm along transverse
direction 352. By increasing first effective diameter 331
and/or second effective diameter 333 in the medial or
lateral direction, the mechanical properties, such as stiff-
ness and lattice shear moduli, of midsole 400 can be can
be varied along transverse direction 352.
[0147] FIG. 8 illustrates a three-dimensional mesh 320
with a mechanically anisotropic mesh 800 according to
some embodiments. In some embodiments, mechanical-
ly anisotropic mesh 800 may define an anisotropic region
of a midsole, for example an anisotropic region of midsole
300. Mechanically anisotropic mesh 800 includes a plu-
rality of interconnected unit cells each occupying a rec-
tangular-cuboid volume 390. The rectangular-cuboid vol-
ume 390 has a length 392 and a width 394. In embodi-
ments including a mechanically anisotropic mesh 800,

the orientation of length 392 and width 394 may provide
mesh 800 with anisotropic properties.
[0148] In some embodiments, rectangular-cuboid vol-
ume 390 may have a length 392 that is greater than width
394. In some embodiments, length 392 and width 394
can be in a range of 5 mm to 20 mm. In some embodi-
ments, rectangular-cuboid volume 390 may have a
length to width ratio in a range of 1.1 to 2.5, including
subranges. For example, rectangular-cuboid volume 390
may have a length to width ratio in a range of 1.1 to 2.5,
1.1 to 2, 1.1 to 1.5, 1.5 to 2.5, or 2 to 2.5.
[0149] In some embodiments, rectangular-cuboid vol-
ume 390 may have a length 392 that is less than width
394. In some embodiments, rectangular-cuboid volume
390 may have a width to length ratio in a range of 1.1 to
2.5, including subranges. For example, rectangular-
cuboid volume 390 may have a length to width ratio in a
range of 1.1 to 2.5, 1.1 to 2, 1.1 to 1.5, 1.5 to 2.5, or 2 to 2.5.
[0150] In embodiments where length 392 is greater
than width 394, mechanically anisotropic mesh 800 may
have a lattice shear modulus measured in the direction
of length 392 that is greater than a lattice shear modulus
measured in the direction of width 394. In embodiments
where length 392 is less than width 394, mechanically
anisotropic mesh 800 may have a lattice shear modulus
measured in the direction of length 392 that is less than
a lattice shear modulus measured in the direction of width
394.
[0151] In some embodiments, the direction of length
392 in a three-dimensional mesh 320 may be along lon-
gitudinal direction 350 of a sole including a three-dimen-
sional mesh 320 with mechanically anisotropic mesh
800. In some embodiments, the direction of width 394 in
a three-dimensional mesh 320 may be along longitudinal
direction 350 of a sole including a three-dimensional
mesh 320 with mechanically anisotropic mesh 800. In
some embodiments, the direction of length 392 in a three-
dimensional mesh 320 may be along transverse direction
352 of a sole including a three-dimensional mesh 320
with mechanically anisotropic mesh 800. In some em-
bodiments, the direction of width 394 in a three-dimen-
sional mesh 320 may be along transverse direction 352
of a sole including a three-dimensional mesh 320 with
mechanically anisotropic mesh 800.
[0152] In some embodiments, unit cell(s) 322 of a
three-dimensional mesh 320 may include a different
number of struts oriented in one or more particular direc-
tions. By arranging unit cells 322 with a different number
of struts oriented in one or more particular directions ap-
propriately within a three-dimensional mesh 320, all or a
portion of three-dimensional mesh 320 may have aniso-
tropic lattice shear moduli as discussed herein.
[0153] FIG. 9 illustrates an exemplary unit cell 900 for
a three-dimensional mesh 320 according to some em-
bodiments. For purposes of explanation, exemplary unit
cell 900 is oriented within a three-dimensional mesh 320
such that the longitudinal direction 350, transverse direc-
tion 352, and vertical direction 354 are oriented as shown
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in FIG. 9.
[0154] Similar to unit cells 322 described herein, unit
cell 900 includes a plurality of struts 930 defining a three-
dimensional shape of unit cell 900. Also, struts 930 are
connected at nodes 940. Unit cell 900 may include one
or more forwardly-oriented struts (for example, strut 932).
Unit cell 900 may include one or more rearwardly-orient-
ed struts (for example, strut 934). Unit cell 900 may in-
clude one or more medially-oriented struts (for example,
strut 936). Unit cell 900 may include one or more laterally-
oriented struts (for example, strut 938). As discussed
herein, a plurality of unit cells 900 may be used to build
a three-dimensional mesh 320. For example, struts 930’
from adjacent unit cells 900 in a three-dimensional mesh
320 are shown in FIG. 9 as connected to nodes 940 of
unit cell 900.
[0155] In some embodiments, unit cell 900 may include
a number of forwardly-oriented struts that is different from
a number of forwardly-oriented struts. In some embodi-
ments, the number of forwardly-oriented struts may be
greater than the number of rearwardly-oriented struts.
As a non-limiting example, in some embodiments, unit
cell 900 may be modified to include a larger number of
forwardly-oriented struts by removing the rearwardly-ori-
ented strut labeled "934" in FIG. 9. In some embodiments,
the number of forwardly-oriented struts may be greater
than the number of rearwardly-oriented struts by one or
more, two or more, or three or more. In some embodi-
ments, the number of forwardly-oriented struts may be
less than the number of rearwardly-oriented struts. As a
non-limiting example, in some embodiments, unit cell 900
may be modified to include a smaller number of forwardly-
oriented struts by removing the forwardly-oriented strut
labeled "932" in FIG. 9. In some embodiments, the
number of forwardly-oriented struts may be less than the
number of rearwardly-oriented struts by one or more, two
or more, or three or more.
[0156] In embodiments with a larger number of for-
wardly-oriented struts, unit cell 900 may have a shear
modulus measured in a forward longitudinal direction 350
that is less than a shear modulus measured in a rearward
longitudinal direction 350. Since the rearwardly-oriented
struts have a greater influence on the shear modulus
measured in the forward direction for unit cell 900, the
smaller number of these struts can create a shear mod-
ulus that is smaller in the forward direction. Also, since
unit cells 900 according to such embodiments have a
smaller shear modulus measured in a forward direction,
such unit cells can be used to create a three-dimensional
mesh 320, or a region of three-dimensional mesh 320,
having a relatively smaller lattice shear modulus meas-
ured in the forward direction.
[0157] In embodiments with a smaller number of for-
wardly-oriented struts, unit cell 900 may have a shear
modulus measured in a forward longitudinal direction 350
that is greater than a lattice shear modulus measured in
a rearward longitudinal direction 350. Since the forward-
ly-oriented struts have a greater influence on the shear

modulus measured in the rearward direction for unit cell
900, the smaller number of these struts can create a
shear modulus that is smaller in the rearward direction.
Also, since unit cells 900 according to such embodiments
have a smaller shear modulus measured in a rearward
direction, such unit cells can be used to create a three-
dimensional mesh 320, or a region of three-dimensional
mesh 320, having a relatively smaller lattice shear mod-
ulus measured in the rearward direction.
[0158] In some embodiments, unit cell 900 may include
a number of medially-oriented struts that is different from
a number of laterally-oriented struts. In some embodi-
ments, the number of medially-oriented struts may be
greater than the number of laterally-oriented struts. As a
non-limiting example, in some embodiments, unit cell 900
may be modified to include a larger number of medially-
oriented struts by removing the laterally-oriented strut
labeled "938" in FIG. 9. In some embodiments, the
number of medially-oriented struts may be greater than
the number of laterally-oriented struts by one or more,
two or more, or three or more. In some embodiments,
the number of medially-oriented struts may be less than
the number of laterally-oriented struts. As a non-limiting
example, in some embodiments, unit cell 900 may be
modified to include a smaller number of medially-oriented
struts by removing the medially-oriented strut labeled
"936" in FIG. 9. In some embodiments, the number of
medially-oriented struts may be less than the number of
laterally-oriented struts by one or more, two or more, or
three or more.
[0159] In embodiments with a larger number of medi-
ally-oriented struts, unit cell 900 may have a shear mod-
ulus measured in a medial transverse direction 352 that
is less than a lattice shear modulus measured in a lateral
transverse direction 352. Since the laterally-oriented
struts have a greater influence on the shear modulus
measured in the medial direction for unit cell 900, the
smaller number of these struts can create a shear mod-
ulus that is smaller in the medial direction. Also, since
unit cells 900 according to such embodiments have a
smaller shear modulus measured in a medial direction,
such unit cells can be used to create a three-dimensional
mesh 320, or a region of three-dimensional mesh 320,
having a relatively smaller lattice shear modulus meas-
ured in the medial direction.
[0160] In embodiments with a smaller number of me-
dially-oriented struts, unit cell 900 may have a shear mod-
ulus measured in a medial transverse direction 352 that
is greater than a lattice shear modulus measured in a
lateral transverse direction 352. Since the medially-ori-
ented struts have a greater influence on the shear mod-
ulus measured in the lateral direction for unit cell 900,
the smaller number of these struts can create a shear
modulus that is smaller in the lateral direction. Also, since
unit cells 900 according to such embodiments have a
smaller shear modulus measured in a lateral direction,
such unit cells can be used to create a three-dimensional
mesh 320, or a region of three-dimensional mesh 320,
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having a relatively smaller lattice shear modulus meas-
ured in the lateral direction.
[0161] In some embodiments, unit cell 900 may include
a total number of forwardly-oriented struts plus rearward-
ly-oriented struts that is different from a total number of
medially-oriented struts plus laterally-oriented struts. In
some embodiments, the total number of forwardly-orient-
ed struts plus rearwardly-oriented struts may be greater
than the total number of medially-oriented struts plus lat-
erally-oriented struts. In some embodiments, the total
number of forwardly-oriented struts plus rearwardly-ori-
ented struts may be greater than the total number of me-
dially-oriented struts plus laterally-oriented struts by one
or more, two or more, or three or more. In some embod-
iments, the total number of forwardly-oriented struts plus
rearwardly-oriented struts may be less than the total
number of medially-oriented struts plus laterally-oriented
struts. In some embodiments, the total number of for-
wardly-oriented struts plus rearwardly-oriented struts
may be less than the total number of medially-oriented
struts plus laterally-oriented struts by one or more, two
or more, or three or more.
[0162] In embodiments with a larger total number of
forwardly-oriented and rearwardly-oriented struts, unit
cell 900 may have shear moduli measured in forward and
rearward longitudinal direction 350 that are greater than
a lattice shear modulus measured in medial and/or lateral
transverse direction 352. Since the forwardly-oriented
and rearwardly-oriented struts can have a larger influ-
ence on the shear moduli in the forward and rearward
longitudinal direction for unit cell 900, the larger number
of these struts can create larger shear moduli in these
directions. Also, since unit cells 900 according to such
embodiments have larger shear moduli measured in
these directions, such unit cells can be used to create a
three-dimensional mesh 320, or a region of three-dimen-
sional mesh 320, having relatively larger lattice shear
moduli measured in forward and rearward longitudinal
direction 350.
[0163] In embodiments with a larger total number of
medially-oriented and laterally-oriented struts, unit cell
900 may have shear moduli measured in medial and lat-
eral transverse direction 352 that are greater than a lattice
shear modulus measured in forward and/or rearward lon-
gitudinal direction 350. Since the medially-oriented and
laterally-oriented struts can have a larger influence the
shear moduli in the medial and lateral transverse direc-
tion for unit cell 900, the larger number of these struts
can create relatively larger shear moduli in these direc-
tions. Also, since unit cells 900 according to such em-
bodiments have larger shear moduli measured in these
directions, such unit cells can be used to create a three-
dimensional mesh 320, or a region of three-dimensional
mesh 320, having larger lattice shear moduli measured
in medial and lateral transverse direction 352.
[0164] In some embodiments, unit cell 900 may include
one or more struts 930 having a first cross-sectional
shape and one or more struts 930 having a second cross-

sectional shape different from the first cross-sectional
shape. Suitable cross-sectional shapes for struts 930 in-
clude, but are not limited to a triangular shape, a square
shape, a hexagonal shape, a circular shape, an oval
shape, or an I-beam shape. In some embodiments, struts
930 may be solid bar-like or tube-like elements. In some
embodiments, struts 930 may be hollow bar-like or tube-
like elements. FIGS. 13A-13C show exemplary cross-
sectional shapes for struts according to some embodi-
ments.
[0165] In some embodiments, unit cell 900 may include
one or more forwardly-oriented struts (for example, strut
932) having a first cross-sectional shape and one or more
a rearwardly-oriented struts (for example, strut 934) hav-
ing a second cross-sectional shape different from the first
cross-sectional shape. In some embodiments, each for-
wardly-oriented strut of unit cell 900 may have a first
cross-sectional shape and each rearwardly-oriented
strut of unit cell 900 may have a second cross-sectional
shape different from the first cross-sectional shape.
[0166] In some embodiments, unit cell 900 may include
one or more medially-oriented struts (for example, strut
936) having a first cross-sectional shape and one or more
laterally-oriented struts (for example, strut 938) having a
second cross-sectional shape different from the first
cross-sectional shape. In some embodiments, each me-
dially-oriented strut of unit cell 900 may have a first cross-
sectional shape and each laterally-oriented strut of unit
cell 900 may have a second cross-sectional shape dif-
ferent from the first cross-sectional shape.
[0167] In some embodiments, the first cross-sectional
shape and the second cross-sectional shape may be dif-
ferent shapes. For example, the first cross-sectional
shape may be a circular shape and the second cross-
sectional shape may be an oval shape.
[0168] In some embodiments, the first cross-sectional
shape and the second cross-sectional shape may be the
same shape oriented in different directions. For example,
the first cross-sectional shape may be an oval shape with
its height dimension (IT) pointing towards top side 310
and bottom side 312 of a three-dimensional mesh 320
and the second cross-sectional shape may be an oval
shape with its height dimension (II) pointing towards a
medial side 306 and lateral side 308 of the three-dimen-
sional mesh 320.
[0169] The use of different cross-sectional shapes
having different mechanical properties (for example,
compressive strength or shear strength) for different
struts of unit cell 900 can provide unit cell 900 with me-
chanically anisotropic properties as discussed herein.
[0170] For example, in embodiments with one or more
forwardly-oriented struts having a cross-sectional shape
that is stronger in a particular direction than the cross-
sectional shape of one or more rearwardly-oriented
struts, unit cell 900 may have a shear modulus measured
in a forward longitudinal direction 350 that is less than a
shear modulus measured in a rearward longitudinal di-
rection 350. Since the rearwardly-oriented struts have a
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greater influence on the shear modulus measured in the
forward direction for unit cell 900, the relative weakness
of the rearwardly-oriented struts can create a shear mod-
ulus that is smaller in the forward direction. Also, since
unit cells 900 according to such embodiments have a
smaller shear modulus measured in a forward direction,
such unit cells can be used to create a three-dimensional
mesh 320, or a region of three-dimensional mesh 320,
having a relatively smaller lattice shear modulus meas-
ured in the forward direction. The opposite result can be
created by designing unit cell 900 with one or more for-
wardly-oriented struts having a cross-sectional shape
that is weaker in a particular direction than the cross-
sectional shape of one or more rearwardly-oriented
struts.
[0171] As another example, in embodiments with one
or more medially-oriented struts having a cross-sectional
shape stronger in a particular direction compared to the
cross-sectional shape of one or more laterally-oriented
struts, unit cell 900 may have a shear modulus measured
in a medial transverse direction 352 that is less than a
shear modulus measured in a lateral transverse direction
352. Since the laterally-oriented struts have a greater
influence on the shear modulus measured in the medial
direction for unit cell 900, the relative weakness of the
laterally-oriented struts can create a shear modulus that
is smaller in the medial direction. Also, since unit cells
900 according to such embodiments have a relatively
smaller shear modulus measured in a medial direction,
such unit cells can be used to create a three-dimensional
mesh 320, or a region of three-dimensional mesh 320,
having a smaller lattice shear modulus measured in the
medial direction. The opposite result can be created by
designing unit cell 900 with one or more medially-oriented
struts having a cross-sectional shape that is weaker in a
particular direction compared to the cross-sectional
shape of one or more laterally-oriented struts.
[0172] A three-dimensional mesh 320 as described
herein may be made using a three-dimensional (3-D)
printing process. In such embodiments, 3-D printing
three-dimensional mesh 320 for a sole includes printing
a plurality of interconnected unit cells 322, with each in-
terconnected unit cell 322 including a plurality of struts
330 defining a three-dimensional shape and a plurality
of nodes 340 at which one or more struts 330 are con-
nected. In such embodiments, the 3-D printing process
includes printing a set of interconnected unit cells 322
that define one or more mechanically anisotropic regions
for the three-dimensional mesh 320. The mechanically
anisotropic region(s) for the three-dimensional mesh 320
may include anisotropic lattice shear moduli as discussed
herein.
[0173] In some embodiments, 3-D printing a set of in-
terconnected unit cells 322 may include printing struts
330 having first effective diameter 331 and printing struts
330 having second effective diameter 333 different from
first effective diameter 331 as discussed herein. For ex-
ample, in some embodiments, the 3-D printing process

may include 3-D printing struts 330 oriented in a first di-
rection and having first effective diameter 331 and 3-D
printing struts 330 oriented in a second direction different
from the first direction and having second effective diam-
eter 333. For example, in some embodiments, the first
direction may be forwardly-oriented and the second di-
rection may rearwardly-oriented. As other example, in
some embodiments, the first direction may be medially-
oriented and the second direction may be laterally-ori-
ented.
[0174] In some embodiments, 3-D printing a set of in-
terconnected unit cells 322 may include printing individ-
ual unit cells 322 each occupying a rectangular-cuboid
volume. In such embodiments, the rectangular-cuboid
volume may have the length and width ratios as dis-
cussed herein for length 392 and width 394.
[0175] In some embodiments, 3-D printing a set of in-
terconnected unit cells 322 may include printing a plural-
ity of unit cells 322 with each unit cell 322 having a number
struts 330 oriented in a first direction that is different from
a number of struts 330 oriented in a second direction that
is different from the first direction. For example, in some
embodiments, the first direction may be forwardly-orient-
ed and the second direction may rearwardly-oriented. As
another example, in some embodiments, the first direc-
tion may be medially-oriented and the second direction
may be laterally-oriented.
[0176] For example, 3-D printing a set of interconnect-
ed unit cells 322 may include printing a plurality of unit
cells 322 with each unit cell 322 having a number of for-
wardly-oriented struts 332 and a number of rearwardly-
oriented struts 334 different from the number of forward-
ly-oriented struts 332. As another example, 3-D printing
a set of interconnected unit cells 322 may include printing
a plurality of unit cells 322 with each unit cell 322 having
a number of medially-oriented struts 336 and a number
of laterally-oriented struts 338 different from the number
of medially-oriented struts 336.
[0177] In some embodiments, 3-D printing a set of in-
terconnected unit cells 322 may include printing struts
330 having a first cross-sectional shape and printing
struts 330 having a second cross-sectional shape differ-
ent from the first cross-sectional shape. For example, in
some embodiments, the 3-D printing process may in-
clude 3-D printing struts 330 oriented in a first direction
and having a first cross-sectional shape and 3-D printing
struts 330 oriented in a second direction different from
the first direction and having a second cross-sectional
shape different from the first cross-sectional shape. For
example, in some embodiments, the first direction may
be forwardly-oriented and the second direction may rear-
wardly-oriented. As other example, in some embodi-
ments, the first direction may be medially-oriented and
the second direction may be laterally-oriented.
[0178] In some embodiments, making a three-dimen-
sional mesh 320 may include collecting biometric data
and printing one or more mechanically anisotropic re-
gions of three-dimensional mesh 320 based on the bio-
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metric data.
[0179] FIG. 10 shows a method 1000 of making a mid-
sole (e.g. midsole 300) according to some embodiments.
In step 1002 a biometric data profile for an individual (e.g.,
individual 1100 shown in FIG. 11), or a group of individ-
uals, may be collected. In some embodiments, a biomet-
ric data profile may be collected using a physiological
and personal characteristic collection and analysis sys-
tem, such as a Run Genie® system. In some embodi-
ments, the biometric data profile may be collected using
the data collection and analysis system described in U.S.
Pat. App. No. 14/579,226, filed on December 22, 2014
and published as US 2016/0180440, which is hereby in-
corporated by reference in its entirety by reference there-
to.
[0180] The physiological characteristics collected in
step 1002 may be physiological characteristics for an in-
dividual or a group of individuals. The physiological char-
acteristics collected in step 1002 may include, but are
not limited to, gait characteristics, such as foot strike type
(e.g. heel, midfoot, forefoot, etc.), rate of pronation or
supination, and degree of pronation and supination. In
some embodiments, step 1002 may include receiving
personal information about the individual(s) before or af-
ter receiving physiological characteristics data about the
individual(s). Personal information may include informa-
tion such as their name, prior injury information, height,
weight, gender, shoe size, an athletic goal, intended ath-
letic environment or terrain, intended athletic activity du-
ration, intended athletic activity frequency, intended ath-
letic activity distance, quantitative or qualitative prefer-
ences about athletic equipment or footwear (such as level
of cushion, preference of weight, materials and the like),
and current athletic footwear.
[0181] In some embodiments, step 1002 may include
receiving biometric data via a local wired or wireless con-
nection. In some embodiments step 1002 may include
monitoring individual(s) 1100 in real time during an ath-
letic activity, such as jogging.
[0182] Physiological characteristics may be collected
using one or more sensor modules 1102. A sensor mod-
ule 1102 may include one or more sensors, and may be
physically coupled to an object (e.g., article of footwear
1104) during an everyday or athletic activity conducted
by individual(s) 1100. A sensor module 1102 may be
used to monitor changes in the spatial orientation of an
individual’s body or a piece of the individual’s athletic
equipment or article of footwear in some embodiments.
Sensor module 1102 may be used in combination with
predetermined correlation data stored in a data structure
to determine a correlation between body or equipment
or article of footwear movement data and a characteristic
such as a gait characteristic in some embodiments.
[0183] In some embodiments, a sensor module 1102
is placed and/or built into article of footwear 1104 to
measure, for example, a runner’s running form and gait
cycle (e.g., sensor is placed on, removably attached to,
or built into the heel, midsole, or toe of article of footwear

1104). Additional sensors/motion monitors can also be
placed on the runner’s knee and hip, for example, to ob-
tain more information about the runner’s running form.
[0184] Sensor module 1102 may include a plurality of
sensors, including but not limited to, one or more motion
sensors, such as acceleration sensors and magnetic field
sensors, or angular momentum sensors. In some em-
bodiments, sensor module 1102 may include one or more
temperature sensors, a heart rate monitoring device, a
pedometer, and/or an accelerometer-based monitoring
device. Sensors of sensor module 1102 may be capable
of measuring a variety of athletic performance parame-
ters. The term "performance parameters" may include
physical parameters and/or physiological parameters as-
sociated with the individual’s 1100 athletic activity. Phys-
ical parameters measured may include, but are not lim-
ited to, time, distance, speed, pace, pedal count, wheel
rotation count, rotation generally, stride count, stride
length, airtime, stride rate, altitude, temperature, strain,
impact force, jump force, force generally, and jump
height. Physiological parameters measured may include,
but are not limited to, heart rate, respiration rate, blood
oxygen level, blood lactate level, blood flow, hydration
level, calories burned, or body temperature.
[0185] An acceleration sensor may be adapted to
measure the acceleration of the sensor module 1102.
Accordingly, when the sensor module 1102 is physically
coupled to an object (such as an individual’s 1100 body,
article of footwear 1104, or other a piece of athletic equip-
ment), the acceleration sensor may be capable of meas-
uring the acceleration of the object, including the accel-
eration due to the earth’s gravitational field. In some em-
bodiments, an acceleration sensor may include a tri-axial
accelerometer that is capable of measuring acceleration
in three orthogonal directions. In some embodiments
one, two, three, or more separate accelerometers may
be used.
[0186] A magnetic field sensor may be adapted to
measure the strength and direction of magnetic fields in
the vicinity of sensor module 1102. Accordingly, when
sensor module 1102 is physically coupled to an object
(such as an individual’s 1100 body, article of footwear
1104, or other a piece of athletic equipment), a magnetic
field sensor may be capable of measuring the strength
and direction of magnetic fields in the vicinity of the object,
including the earth’s magnetic field. In some embodi-
ments, a magnetic field sensor may be a vector magne-
tometer. In some embodiments, a magnetic field sensor
may be a tri-axial magnetometer that is capable of meas-
uring the magnitude and direction of a resultant magnetic
vector for the total local magnetic field in three dimen-
sions. In some embodiments one, two, three, or more
separate magnetometers may be used.
[0187] In some embodiments, an acceleration sensor
and a magnetic field sensor may be contained within a
single accelerometer-magnetometer module bearing
model number LSM303DLHC made by STMicroelectron-
ics of Geneva, Switzerland.
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[0188] An angular momentum sensor, which may be,
for example, a gyroscope, may be adapted to measure
the angular momentum or orientation of sensor module
1102. Accordingly, when the sensor module 1102 is
physically coupled to an object (such as an individual’s
1100 body, article of footwear 1104, or other athletic
equipment), the angular momentum sensor may be ca-
pable of measuring the angular momentum or orientation
of the object. In some embodiments, an angular momen-
tum sensor may be a tri-axial gyroscope that is capable
of measuring angular rotation about three orthogonal ax-
es. In some embodiments one, two, three, or more sep-
arate gyroscopes may be used. In some embodiments,
angular momentum sensor may be used to calibrate
measurements made by one or more of an acceleration
sensor and a magnetic field sensor.
[0189] A heart rate sensor may be adapted to measure
individual’s 1100 heart rate. A heart rate sensor may be
placed in contact with the individual’s 1100 skin, such as
the skin of the individual’s chest, and secured with a strap.
A heart rate sensor may be capable of reading the elec-
trical activity the individual’s 1100 heart.
[0190] A temperature sensor may be, for example, a
thermometer, a thermistor, or a thermocouple that meas-
ures changes in the temperature. In some embodiments,
a temperature sensor may primarily be used for calibra-
tion other sensors, such as, for example, an acceleration
sensor and a magnetic field sensor.
[0191] In some embodiments, sensor module 1102
may include a position receiver, such as an electronic
satellite position receiver that is capable of determining
its location (i.e., longitude, latitude, and altitude) using
time signals transmitted along a line-of-sight by radio
from satellite position system satellites. Known satellite
position systems include the GPS system, the Galileo
system, the BeiDou system, and the GLONASS system.
In some embodiments, a position receiver may be an
antenna that is capable of communicating with local or
remote base stations or radio transmission transceivers
such that the location of sensor module 1102 may be
determined using radio signal triangulation or other sim-
ilar principles. In some embodiments, position receiver
data may allow sensor module 1102 to detect information
that may be used to measure and/or calculate position
waypoints, time, location, distance traveled, speed,
pace, or altitude.
[0192] Data collected by sensor module 1102 may
classify individuals based on their running style, utilizing
data analysis such as an anterior-posterior plot angle vs.
time; mediallateral plot angle vs. time; and the like. Cal-
culations of these characteristic many be used to group
individuals into different categories (groups), such as a
heel striker, a mid foot striker, a forefoot striker, a prona-
tor, supinator, a neutral individual, or some combination
of characteristics. In some embodiments, gait analysis
may utilize personal information of individual 1100, such
a gender, shoe size, height, weight, running habits, and
prior injuries.

[0193] In some embodiments, a regression analysis
can be used to determine gait characteristics such as
foot strike type, rate of pronation, degree of pronation,
and the like based on acceleration data obtained from
sensor module 1102. In some embodiments, the regres-
sion analysis can be used to determine gait characteris-
tics such as foot strike type, rate of pronation, degree of
pronation, and the like based on other data such as mag-
netometer data, angular momentum sensor data, or mul-
tiple types of data. In some embodiments, the analysis
can include other user-input information such as prior
injury information, an athletic goal, intended athletic en-
vironment or terrain, intended athletic duration, and cur-
rent athletic footwear.
[0194] Athletic goals may be, for example, training for
a race, to stay healthy, to lose weight, and training for
sports. Other examples of athletic goals may include
training for a race, or other sporting event, improving in-
dividual fitness, simply enjoy running, or the like. Fre-
quency intervals may include for example about 1 to 2
times per week, about 3 to 4 times per week, about 5 to
7 times per week, or the individual doesn’t know. Length
intervals may include for example about less than about
5 miles per week, about 5 to 10 miles per week, about
10 to 20 miles per week, greater than about 20 miles per
week, or the individual doesn’t know. Examples of intend-
ed athletic terrain environments may include roads, track,
treadmill, trail, gym, or particular athletic fields designed
for a specific sport. Examples of athletic equipment pref-
erences may include for example more cushioning, less
weight, better fit, strength, durability, intended athletic
activity range, balance, weight balance, more color choic-
es, and the like.
[0195] Information from sensor module(s) 1102 may
be used to map areas of an individual’s foot subject to
different pressures or stresses. Further, information from
sensor module(s) 1102 may be used to generate a bio-
metric date profile map. For example, high stress areas
may be associated with a heel portion, areas correspond-
ing to the location of the ball of an individual’s foot (i.e.,
at a position corresponding to a location near the anterior
end of metatarsals), and a medial most portion of the
individual’s arch. Mild stress areas may be associated
with a medial portion of the individual’s arch and areas
corresponding to the location of an individual’s
phalanges. And low stress areas may be associated with
a lateral portion of the individual’s arch. The size, location,
and degree of stress areas for an individual will depend
on, among other things, the anatomy of the individual’s
foot and the individual’s gait.
[0196] In some embodiments, collecting a biometric
data profile in step 1002 may include obtaining previously
collected and stored data for an individual. In some em-
bodiments, collecting biometric data may include obtain-
ing a standard biometric data profile for a group of indi-
viduals. For example, a standard profile for individuals
having a certain shoe size, weight, height, arch shape,
stability characteristic, and/or touchdown characteristic
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may be retrieved in step 1002.
[0197] In some embodiments, a biometric data profile
collected in step 1002 may include a biometric data profile
map of stress areas 1202 and vector lines 1204. FIG. 12
shows an exemplary biometric data profile map 1200 ac-
cording to some embodiments. In some embodiments,
biometric data profile map 1200 may be generated based
on biometric profile collected for an individual. In some
embodiments, biometric data profile map 1200 may be
standard biometric data profile map for a group of indi-
viduals. For example, biometric data profile map 1200
shown in FIG. 12 may be a standard biometric profile
map for a group of individuals classified based on a sta-
bility characteristic (e.g., pronator, mild pronator, neutral,
or supinator) and/or a touchdown characteristic (e.g.,
heavy heel striker, heel striker, midfoot striker, or forefoot
striker). As used herein a "stability characteristic" refers
to how an individual’s foot rolls when it contacts the
ground and a "touchdown characteristic" refers to how
an individual’s foot strikes the ground.
[0198] Map 1200 includes a plurality of stress areas
1202 and vector lines 1204. The size of a stress area
1202 indicates the magnitude of a vertical load imparted
on a sole for an individual, or group of individuals. A larger
size stress area 1202 indicates a larger vertical load com-
pared to a smaller size stress area 1202. The vector lines
1204 represent the shear vector applied at different lo-
cations on a sole for an individual, or group of individuals.
The longer the vector line 1204, the higher the magnitude
of shear that is applied.
[0199] In embodiments including a biometric data pro-
file map 1200 for an individual, map 1200 may include
various stress areas 1202 associated with a particular
individual based on information from sensor module(s)
1102. In embodiments including a standard biometric da-
ta profile map, map 1200 may include various stress ar-
eas 1202 associated with different groups of individuals,
based on information from sensor module(s) 1102.
[0200] A biometric data profile map 1200, along with
another information collected about an individual (e.g.,
athletic goals), may be used to create a lattice map for a
three-dimensional mesh in step 1004. In such embodi-
ments, different regions of the lattice map may designate
different mechanically anisotropic regions of a three-di-
mensional mesh. For example, the following describes
the creation of a lattice map for a map 1200 of stress
areas 1202 comprising (i) a first zone of stress areas
having a first average vertical load and vector lines 1204
predominately oriented in a first direction and (ii) a second
zone of stress areas having a second average vertical
load greater than the first average vertical load and vector
lines 1204 predominately oriented in a second direction
different from the first direction. In such embodiments,
the lattice map can include (i) a first lattice zone corre-
sponding to the first zone of stress areas and designated
to have a first set of lattice shear moduli and (ii) a second
lattice zone corresponding to the second zone of stress
areas and designated to have a second set of lattice

shear moduli. The values of the first and second sets of
lattice shear moduli can be based on the map 1200 and
other biometric data collected in step 1002. For example,
the second set of lattice shear moduli may include a rel-
atively high lattice shear modulus measured in the sec-
ond direction to provide additional stiffness to counteract
the relatively large vertical load and shear vector applied
on the second zone.
[0201] In some embodiments, creating a lattice map in
step 1004 may include obtaining a previously generated
lattice map for an individual. In some embodiments, cre-
ating a lattice map in step 1004 may include obtaining a
standard lattice map for a group of individuals. For ex-
ample, a standard lattice map for an individual having a
certain shoe size, weight, height, stability characteristic,
arch shape, and/or touchdown characteristic may be re-
trieved in step 1004.
[0202] In step 1006, a three-dimensional mesh may be
formed based on the lattice map created in step 1004.
For example, step 1006 may include forming a set of
interconnected unit cells 322 that define a first mechan-
ically anisotropic region having the first set of lattice shear
moduli at a location corresponding to the first lattice zone
and forming a second set of interconnected unit cells 322
that define a second mechanically anisotropic region
having the second set of lattice shear moduli at a location
corresponding to the second lattice zone. Forming the
three-dimensional mesh in step 1006 may include a 3-D
printing process.
[0203] In some embodiments, the cross-sectional
shape of one or more of the struts 330 defining a unit cell
322 may be designed to provide the unit cell 322, and
therefore a three-dimensional mesh 320, with desired
mechanical properties. In some embodiments, the orien-
tation of the cross-sectional shape of one or more of the
struts 330 defining a unit cell 322 may be designed to
provide the unit cell 322, and therefore a three-dimen-
sional mesh 320, with desired mechanical properties.
The cross-sectional shape of strut 330, and the orienta-
tion of that cross-sectional shape, can influence the me-
chanical properties of a unit cell 322. For example, the
cross-sectional shape and orientation of that shape can
influence the shear modulus of a unit cell 322 measured
in a particular direction.
[0204] FIGS. 13A-13C show exemplary cross-section-
al shapes for struts 330 according to some embodiments.
FIG. 13A illustrates a circular cross-sectional shape hav-
ing a height (H), a width (W), and an effective diameter
(D). FIG. 13B illustrates an oval-shaped cross-sectional
shape having a height (H), a width (W), and an effective
diameter (D). FIG. 13C illustrates an I-beam-shaped
cross-sectional shape having a height (H), a width (W),
and an effective diameter (D).
[0205] The circular cross-sectional shape shown in
FIG. 13A is an example of a shape that will perform sub-
stantially the same in any orientation within a unit cell
322 and a three-dimensional mesh 320. The height,
width, and effective diameter of the circular cross-sec-
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tional shape are the same.
[0206] The oval-shaped cross-sectional shape shown
in FIG. 13B is an example of a shape that will perform
differently in different orientations within a unit cell 322
and a three-dimensional mesh 320. The height of the
oval is larger than the width of the oval, so the shape can
produce different mechanical properties depending on
its orientation within a unit cell 322 and a three-dimen-
sional mesh 320. For example, for bend forces applied
parallel to the direction of its height and width, the oval
shape is stronger in the height direction because the
height is larger than the width.
[0207] The I-beam cross-sectional shape shown in
FIG. 13C is another example of a shape that will perform
differently in different orientations within a unit cell 322
and a three-dimensional mesh 320. The height of the I-
beam is larger than the width of the I-beam, so the shape
can produce different mechanical properties depending
on its orientation within a unit cell 322 and a three-dimen-
sional mesh 320. For example, for bend forces applied
parallel to the direction of its height and width, the I-beam
shape is stronger in the height direction because the
height is larger than the width.
[0208] In some embodiments, struts 330 having a
cross-sectional shape with a height dimension larger
than a width dimension may be oriented such that the
height dimension points towards top side 310 and bottom
side 312 of a three-dimensional mesh 320. In such em-
bodiments, the struts 330 may provide a higher shear
strength compared to struts 330 having a cross-sectional
shape with a height dimension larger than a width dimen-
sion and oriented such that the height dimension points
towards medial side 306 and lateral side 308 of a three-
dimensional mesh 320.
[0209] In some embodiments, struts 330 having a
cross-sectional shape with a height dimension larger
than a width dimension may be oriented such that the
width dimension points towards top side 310 and bottom
side 312 of a three-dimensional mesh 320. In such em-
bodiments, the struts 330 may provide a lower shear
strength compared to struts 330 having a cross-sectional
shape with a height dimension larger than a width dimen-
sion and oriented such that the width dimension points
towards medial side 306 and lateral side 308 of a three-
dimensional mesh 320.
[0210] By effectively orienting the cross-sectional
shapes of struts 330, a three-dimensional mesh 320 may
be provided with desirable mechanical properties. For
example, a three-dimensional mesh 320 may be provid-
ed with desirable anisotropic shear lattice moduli. In
some embodiments, the orientation of the cross-section-
al shapes for struts can be leveraged to increase the
strength to weight ratio of a three-dimensional mesh. For
example, a three-dimensional mesh may be designed to
be lighter by leveraging the superior strength properties
for certain cross-sectional shapes, like an I-beam’s su-
perior bend strength in a direction parallel to the direction
of height (H) shown in FIG. 13C.

[0211] In some embodiments, different regions of a
three-dimensional mesh 320 may include struts 330 hav-
ing different cross-sectional shapes to impart different
mechanical properties in those regions. In some embod-
iments, different regions of a three-dimensional mesh
may include struts 330 having the same cross-sectional
shape oriented in different directions to impart different
mechanical properties in those regions.
[0212] Figure 14 illustrates an exemplary computer
system 1400 in which embodiments, or portions thereof,
may be implemented as computer-readable code. For
example, aspects of the methods discussed herein may
be implemented in computer system 1400 using hard-
ware, software, firmware, tangible computer readable
media having instructions stored thereon, or a combina-
tion thereof and may be implemented in one or more
computer systems or other processing systems.
[0213] If programmable logic is used, such logic may
execute on a commercially available processing platform
or a special purpose device. One of ordinary skill in the
art may appreciate that embodiments of the disclosed
subject matter can be practiced with various computer
system configurations, including multi-core multiproces-
sor systems, minicomputers, and mainframe computers,
computer linked or clustered with distributed functions,
as well as pervasive or miniature computers that may be
embedded into virtually any device.
[0214] For instance, at least one processor device and
a memory may be used to implement the above-de-
scribed embodiments. A processor device may be a sin-
gle processor, a plurality of processors, or combinations
thereof. Processor devices may have one or more proc-
essor "cores."
[0215] Various embodiments of the inventions may be
implemented in terms of this example computer system
1400. After reading this description, it will become ap-
parent to a person skilled in the relevant art how to im-
plement one or more of the inventions using other com-
puter systems and/or computer architectures. Although
operations may be described as a sequential process,
some of the operations may in fact be performed in par-
allel, concurrently, and/or in a distributed environment,
and with program code stored locally or remotely for ac-
cess by single or multi-processor machines. In addition,
in some embodiments the order of operations may be
rearranged without departing from the spirit of the dis-
closed subject matter.
[0216] Processor device 1404 may be a special pur-
pose or a general-purpose processor device. As will be
appreciated by persons skilled in the relevant art, proc-
essor device 1404 may also be a single processor in a
multi-core/multiprocessor system, such system operat-
ing alone, or in a cluster of computing devices operating
in a cluster or server farm. Processor device 1404 is con-
nected to a communication infrastructure 1406, for ex-
ample, a bus, message queue, network, or multi-core
message-passing scheme.
[0217] Computer system 1400 also includes a main
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memory 1408, for example, random access memory
(RAM), and may also include a secondary memory 1410.
Secondary memory 1410 may include, for example, a
hard disk drive 1412, or removable storage drive 1414.
Removable storage drive 1414 may include a floppy disk
drive, a magnetic tape drive, an optical disk drive, a flash
memory, a Universal Serial Bus (USB) drive, or the like.
The removable storage drive 1414 reads from and/or
writes to a removable storage unit 1418 in a well-known
manner. Removable storage unit 1418 may include a
floppy disk, magnetic tape, optical disk, etc. which is read
by and written to by removable storage drive 1414. As
will be appreciated by persons skilled in the relevant art,
removable storage unit 1418 includes a computer usable
storage medium having stored therein computer soft-
ware and/or data.
[0218] Computer system 1400 (optionally) includes a
display interface 1402 (which can include input and out-
put devices such as keyboards, mice, etc.) that forwards
graphics, text, and other data from communication infra-
structure 1406 (or from a frame buffer not shown) for
display on display unit 1430.
[0219] In alternative implementations, secondary
memory 1410 may include other similar means for allow-
ing computer programs or other instructions to be loaded
into computer system 1400. Such means may include,
for example, a removable storage unit 1422 and an in-
terface 1420. Examples of such means may include a
program cartridge and cartridge interface (such as that
found in video game devices), a removable memory chip
(such as an EPROM, or PROM) and associated socket,
and other removable storage units 1422 and interfaces
1420 which allow software and data to be transferred
from the removable storage unit 1422 to computer sys-
tem 1400.
[0220] Computer system 1400 may also include a com-
munication interface 1424. Communication interface
1424 allows software and data to be transferred between
computer system 1400 and external devices. Communi-
cation interface 1424 may include a modem, a network
interface (such as an Ethernet card), a communication
port, a PCMCIA slot and card, or the like. Software and
data transferred via communication interface 1424 may
be in the form of signals, which may be electronic, elec-
tromagnetic, optical, or other signals capable of being
received by communication interface 1424. These sig-
nals may be provided to communication interface 1424
via a communication path 1426. Communication path
1426 carries signals and may be implemented using wire
or cable, fiber optics, a phone line, a cellular phone link,
an RF link or other communication channels.
[0221] In this document, the terms "computer program
medium" and "computer usable medium" are used to
generally refer to media such as removable storage unit
1418, removable storage unit 1422, and a hard disk in-
stalled in hard disk drive 1412. Computer program me-
dium and computer usable medium may also refer to
memories, such as main memory 1408 and secondary

memory 1410, which may be memory semiconductors
(e.g. DRAMs, etc.).
[0222] Computer programs (also called computer con-
trol logic) are stored in main memory 1408 and/or sec-
ondary memory 1410. Computer programs may also be
received via communication interface 1424. Such com-
puter programs, when executed, enable computer sys-
tem 1400 to implement the embodiments as discussed
herein. In particular, the computer programs, when exe-
cuted, enable processor device 1404 to implement the
processes of the embodiments discussed here. Accord-
ingly, such computer programs represent controllers of
the computer system 1400. Where the embodiments are
implemented using software, the software may be stored
in a computer program product and loaded into computer
system 1400 using removable storage drive 1414, inter-
face 1420, and hard disk drive 1412, or communication
interface 1424.
[0223] Embodiments of the inventions also may be di-
rected to computer program products comprising soft-
ware stored on any computer useable medium. Such
software, when executed in one or more data processing
device, causes a data processing device(s) to operate
as described herein. Embodiments of the inventions may
employ any computer useable or readable medium. Ex-
amples of computer useable mediums include, but are
not limited to, primary storage devices (e.g., any type of
random access memory), secondary storage devices
(e.g., hard drives, floppy disks, CD ROMS, ZIP disks,
tapes, magnetic storage devices, and optical storage de-
vices, MEMS, nanotechnological storage device, etc.).
[0224] It is to be appreciated that the Detailed Descrip-
tion section, and not the Summary and Abstract sections,
is intended to be used to interpret the claims. The Sum-
mary and Abstract sections may set forth one or more
but not all exemplary embodiments of the present inven-
tion as contemplated by the inventor(s), and thus, are
not intended to limit the present invention(s) and the ap-
pended claims in any way.
[0225] The present invention(s) have been described
above with the aid of functional building blocks illustrating
the implementation of specified functions and relation-
ships thereof. The boundaries of these functional building
blocks have been arbitrarily defined herein for the con-
venience of the description. Alternate boundaries can be
defined so long as the specified functions and relation-
ships thereof are appropriately performed.
[0226] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
invention(s) that others can, by applying knowledge with-
in the skill of the art, readily modify and/or adapt for var-
ious applications such specific embodiments, without un-
due experimentation, without departing from the general
concept of the present invention(s). Therefore, such ad-
aptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed em-
bodiments, based on the teaching and guidance present-
ed herein. It is to be understood that the phraseology or
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terminology herein is for the purpose of description and
not of limitation, such that the terminology or phraseology
of the present specification is to be interpreted by the
skilled artisan in light of the teachings and guidance.
[0227] The breadth and scope of the present inven-
tion(s) should not be limited by any of the above-de-
scribed exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents.
[0228] In the following, further preferred embodiments
are described to facilitate understanding of the invention:

Embodiment 1. A sole for an article of footwear, the
sole comprising:

a three-dimensional mesh comprising:
a plurality of interconnected unit cells, each in-
terconnected unit cell comprising a plurality of
struts defining a three-dimensional shape and a
plurality of nodes at which one or more struts
are connected; and
a mechanically anisotropic region comprising: a
first lattice shear modulus measured in a first
direction, and a second lattice shear modulus
different from the first lattice shear modulus and
measured in a second direction opposite to or
orthogonal to the first direction.

Embodiment 2. The sole of embodiment 1, wherein
the second lattice shear modulus is greater than the
first lattice shear modulus.

Embodiment 3. The sole of embodiment 1, wherein
the second lattice shear modulus is 10% or more
greater than the first lattice shear modulus.

Embodiment 4. The sole of embodiment 1, wherein
the first direction is a forward direction pointing away
from a heel end of the sole, and
wherein the second direction is a rearward direction
pointing toward the heel end of the sole.

Embodiment 5. The sole of embodiment 1, wherein
the first direction is a medial direction pointing away
from a lateral side of the sole, and
wherein the second direction is a lateral direction
pointing toward the lateral side of the sole.

Embodiment 6. The sole of embodiment 1, wherein
the first direction is a longitudinal direction extending
between a heel end and a forefoot end of the sole,
and
wherein the second direction is a transverse direc-
tion extending between a medial side and a lateral
side of the sole.

Embodiment 7. The sole of embodiment 1, wherein
the plurality of struts of each unit cell comprise:

a strut having a first effective diameter, and
a strut having a second effective diameter dif-
ferent from the first effective diameter.

Embodiment 8. The sole of embodiment 7, wherein
the strut having the first effective diameter is forward-
ly-oriented and the strut having the second effective
diameter is rearwardly-oriented.

Embodiment 9. The sole of embodiment 7, wherein
the strut having the first effective diameter is medi-
ally-oriented and the strut having the second effec-
tive diameter is laterally-oriented.

Embodiment 10. The sole of embodiment 1, wherein
the plurality of interconnected unit cells comprise in-
dividual unit cells each occupying a rectangular-
cuboid volume.

Embodiment 11. The sole of embodiment 10, where-
in the rectangular-cuboid volume has a length to
width ratio in a range of 1.1 to 2.5.

Embodiment 12. The sole of embodiment 10, where-
in the rectangular-cuboid volume has a width to
length ratio in a range of 1.1 to 2.5.

Embodiment 13. The sole of embodiment 1, wherein
the plurality of interconnected unit cells each com-
prise: a number of forwardly-oriented struts, and
a number of rearwardly-oriented struts different from
the number of forwardly-oriented struts.

Embodiment 14. The sole of embodiment 1, wherein
the plurality of interconnected unit cells each com-
prise: a number of medially-oriented struts, and
a number of laterally-oriented struts different from
the number of medially-oriented struts.

Embodiment 15. The sole of embodiment 1, wherein
the plurality of interconnected unit cells each com-
prise:

a number of forwardly-oriented struts,
a number of rearwardly-oriented struts,
a number of medially-oriented struts, and
a number of laterally-oriented struts,

wherein a total number of the forwardly-oriented
struts plus the rearwardly-oriented struts is different
from a total number the medially-oriented struts plus
the laterally-oriented struts.

Embodiment 16. The sole of embodiment 1, wherein
the plurality of interconnected unit cells each com-
prise: a forwardly-oriented strut having a first cross-
sectional shape, and a rearwardly-oriented strut hav-
ing a second cross-sectional shape different from
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the first cross-sectional shape.

Embodiment 17. The sole of embodiment 1, wherein
the plurality of interconnected unit cells each com-
prise: a medially-oriented strut having a first cross-
sectional shape, and a laterally-oriented strut having
a second cross-sectional shape different from the
first cross-sectional shape.

Embodiment 18. The sole of embodiment 1, further
comprising a second mechanically anisotropic re-
gion comprising:

a third lattice shear modulus measured in the
first direction, and
a fourth lattice shear modulus different from the
third lattice shear modulus and measured in the
second direction.

Embodiment 19. The sole of embodiment 1, further
comprising a second mechanically anisotropic re-
gion comprising:

a third lattice shear modulus measured in a third
direction, and
a fourth lattice shear modulus different from the
third lattice shear modulus and measured in a
fourth direction opposite the third direction.

Embodiment 20. A method of making a sole for an
article of footwear, the method comprising:
3-D printing a three-dimensional mesh for the sole
comprising a plurality of interconnected unit cells,
each interconnected unit cell comprising a plurality
of struts defining a three-dimensional shape and a
plurality of nodes at which one or more struts are
connected, wherein 3-D printing the three-dimen-
sional mesh comprises:
printing a set of interconnected unit cells that define
a mechanically anisotropic region comprising aniso-
tropic lattice shear moduli in the three-dimensional
mesh.

Claims

1. A sole for an article of footwear, the sole comprising:

a three-dimensional mesh comprising:

a plurality of interconnected unit cells, each
interconnected unit cell comprising a plural-
ity of struts defining a three-dimensional
shape and a plurality of nodes at which one
or more struts are connected; and
a mechanically anisotropic region compris-
ing: a first lattice shear modulus measured
in a first direction, and a second lattice shear

modulus different from the first lattice shear
modulus and measured in a second direc-
tion opposite to or orthogonal to the first di-
rection.

2. The sole of claim 1, wherein the second lattice shear
modulus is greater than the first lattice shear modu-
lus, preferably wherein the second lattice shear mod-
ulus is 10% or more greater than the first lattice shear
modulus.

3. The sole of claims 1 or 2, wherein the first direction
is a forward direction pointing away from a heel end
of the sole, and

wherein the second direction is a rearward di-
rection pointing toward the heel end of the sole,
or
wherein the first direction is a medial direction
pointing away from a lateral side of the sole, and
wherein the second direction is a lateral direction
pointing toward the lateral side of the sole.

4. The sole of claims 1 or 2, wherein the first direction
is a longitudinal direction extending between a heel
end and a forefoot end of the sole, and
wherein the second direction is a transverse direc-
tion extending between a medial side and a lateral
side of the sole.

5. The sole of any one of the preceding claims, wherein
the plurality of struts of each unit cell comprise:

a strut having a first effective diameter, and
a strut having a second effective diameter dif-
ferent from the first effective diameter.

6. The sole of claim 5, wherein the strut having the first
effective diameter is forwardly-oriented and the strut
having the second effective diameter is rearwardly-
oriented, or wherein the strut having the first effective
diameter is medially-oriented and the strut having
the second effective diameter is laterally-oriented.

7. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells comprise in-
dividual unit cells each occupying a rectangular-
cuboid volume, preferably wherein the rectangular-
cuboid volume has a length to width ratio in a range
of 1.1 to 2.5, and/or wherein the rectangular-cuboid
volume has a width to length ratio in a range of 1.1
to 2.5.

8. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells each com-
prise: a number of forwardly-oriented struts, and
a number of rearwardly-oriented struts different from
the number of forwardly-oriented struts.
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9. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells each com-
prise: a number of medially-oriented struts, and
a number of laterally-oriented struts different from
the number of medially-oriented struts.

10. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells each com-
prise:

a number of forwardly-oriented struts,
a number of rearwardly-oriented struts,
a number of medially-oriented struts, and
a number of laterally-oriented struts,
wherein a total number of the forwardly-oriented
struts plus the rearwardly-oriented struts is dif-
ferent from a total number the medially-oriented
struts plus the laterally-oriented struts.

11. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells each com-
prise: a forwardly-oriented strut having a first cross-
sectional shape, and a rearwardly-oriented strut hav-
ing a second cross-sectional shape different from
the first cross-sectional shape.

12. The sole of any one of the preceding claims, wherein
the plurality of interconnected unit cells each com-
prise: a medially-oriented strut having a first cross-
sectional shape, and a laterally-oriented strut having
a second cross-sectional shape different from the
first cross-sectional shape.

13. The sole of any one of the preceding claims, further
comprising a second mechanically anisotropic re-
gion comprising:

a third lattice shear modulus measured in the
first direction, and
a fourth lattice shear modulus different from the
third lattice shear modulus and measured in the
second direction.

14. The sole of any one of the preceding claims 1 to 12,
further comprising a second mechanically anisotrop-
ic region comprising:

a third lattice shear modulus measured in a third
direction, and
a fourth lattice shear modulus different from the
third lattice shear modulus and measured in a
fourth direction opposite the third direction.

15. A method of making a sole for an article of footwear,
the method comprising:
3-D printing a three-dimensional mesh for the sole
comprising a plurality of interconnected unit cells,
each interconnected unit cell comprising a plurality

of struts defining a three-dimensional shape and a
plurality of nodes at which one or more struts are
connected,
wherein 3-D printing the three-dimensional mesh
comprises:
printing a set of interconnected unit cells that define
a mechanically anisotropic region comprising aniso-
tropic lattice shear moduli in the three-dimensional
mesh.
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